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Summary

A survey has been performed to establish which weighing designs are currently employed by 16 national metrology
institutes. The collected information has been used to determine if the current methods can be optimised to make full
use of the increased automation of mass measurements with regard to the dissemination of the kilogram. With
automatic weight handlers it is easy to perform extra measurements, which can help us to gain insight in various
effects, like reproducibility.

Though the survey was limited to a relative small humber of participants, the conclusion is that despite the
automation, the variation due to poor reproducibility or other unpredictable disturbances often nullifies the gain
through sophisticated weighing designs. Until those issues are solved, the presently available designs suffice. A
possible solution can be the use of more sophisticated methods, like IRLS (see chapter 6.6) to reduce the effect of
the disturbances. Finally, the chance to study in detail how other institutes ascertain their mass scale has proven to
be very instructive for both experienced and new practitioners in this field.
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1. Introduction

Subdivision schemes (also called weighing designs) for the dissemination of the kilogram have been established
many years ago when nearly all measurements were performed manually. This meant that the number of
measurements and combinations of weights involved in the equations, had to be restricted. Nowadays, automated
mass handlers and robots make enable increasing the number of measurements in a sequence, repeat a whole
design at different times or with different weights, or allow completely new weight combinations to be included. On
the other hand, some robots pose limitations with regard to, e.g., the number of weights participating in the equation.

The question whether subdivision schemes could be optimised to incorporate these new developments was raised at
the EURAMET TC Mass meeting in 2011. It was agreed to start a EURAMET project to study the ‘best practise for
the dissemination of the kilogram’. This project was assigned the project number 1210, started in October 2011 and
was finalised with this report in October 2015. This report summarises the results.

1 Aims of the project

The aims of this project are:
1. to establish which schemes, calculation methods (including uncertainty evaluation methods, statistical tools for
the evaluation of the measurement process) and equipment are presently used
2. to determine if it is possible to optimise the subdivision schemes for different types of robots and mass
handlers, and for different typical compositions of weight sets, taking into account efficiency, measurement
uncertainty and robustness,
3. to provide guidelines for the best practice to disseminate the kilogram.

2 Participants

Table 1: Participants EURAMET project 1210

Institute Country Contact person email

BEV Austria Zoltan Zelenka Zoltan.Zelenka@bev.gv.at

CEM Spain Nieves Medina mnmedina@cem.mityc.es

CMI Chech Republic | Jaroslav Zuda jzuda@cmi.cz

EIM Greece Chris Mitsas chris.mitsas@eim.gr

INM Romania Adriana Valcu adriana.valcu@inm.ro

METAS Switzerland Christian Withrich christian.wuethrich@metas.ch
MIKES Finland Maija Ojanen-Saloranta Maija.Ojanen-Saloranta@vit.fi
MIRS Slovenia Matej Grum matej.grum@agov.si

MKEH Hungary Csilla Vamossy vamossycs@mkeh.hu

NML Ireland Rory Hanrahan Rory.Hanrahan@nsai.ie

NPL United Kingdom | James Berry james.berry@npl.co.uk

UME Turkey Sevda Kagmaz sevda.kacmaz@tubitak.gov.tr

VSL Netherlands Inge van Andel ivandel@vsl.nl

LATU Uruguay Sheila Preste and Gabriel Aimeida | spreste@latu.org.uy and galmeida@I|atu.org.uy
A-STAR | Singapore Lee Shih Mean lee_shih_mean@nmc.a-star.edu.sg
NMISA South-Africa Thomas Mautjana tmautjana@nmisa.org

NRC Canada Claude Jacques claude.jacques@nrc-cnrc.gc.ca
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3 Method

At the first project meeting, (February/March 2012) the method to proceed with the project was discussed. The focus
was on the first aim: establish the dissemination programs currently used within as many as possible NMIs (National
Metrology Institutes) all over the world. It was agreed to send out a request to fill in a questionnaire (called inventory
document) covering all relevant areas from instrumentation, mass standards and weighing designs to calculation
methods.

The idea was to compare all inventory data and use that as a base to decide where improvement would be possible
(aim no. 2) and collect this in a document describing guidelines (aim no. 3).

During the first discussion it became clear that, even within a small group, different terminology was used to describe
similar actions, while sometimes the same words were interpreted subtly different. Therefore it was decided to
include an extensive description of what was meant with each term used in the inventory documents. This
terminology is listed in section 5 and as further clarification; the inventory filled in by VSL was added as an example.

4 Terminology
4.1 Terminology for instruments

Balance
- identification of balance (list only those that are used in the dissemination process)
Robot/handler details
- name of robot (e.g. A5) or type of handler (e.g. rotating weight handler) or manual
- number of positions available in robot or handler
- maximum number of weights that are loaded on the pan during the dissemination process
- method to prepare weight combinations as described in OIML R111-1 C3.2 for the weighing design
- manual or automatic
o manual in case an operator has to position the weights manually on the mass handler
o automatic in case the robot can pick up and position the weights required for each comparison
automatically without intervention of an operator
Typical standard deviation
- specify the type of standard deviation (e.g. standard deviation of standard deviation of the mean)
- add typical value (or range of values) for the above specified standard deviation
Auxiliary weights
- short description of auxiliary weights like pads and disks which are used during the dissemination process (e.qg.
1000 mg titanium pads to support small weights in a mass handler)
Remarks
- any remarks specific for the instrument during the dissemination of the kilogram

4.2 Terminology for mass sets

Set ID
- identification of mass sets of the NMI calibrated by dissemination
- identification of the kilogram(s) used as base for the dissemination
Composition of set
- describes the composition of the set (e.g. 5-5-2-2-1-1 when all nominal masses are included twice, or 5-2-2-1)
Shape
- description of the shape of the weights (e.g. OIML, cylinder, or disk)
Remarks
- identifies which mass sets are calibrated parallel and which kilogram(s) is/are used as base for the
dissemination process
- any other remarks specific for the dissemination process (e.qg. if sets are calibrated in parallel)



4.3 Terminology for measurements

Weighing design

- describes the general set-up of the subdivision/multiplication scheme (e.g. 1-1-2-2-5-10) (see also OIML R111-1
C3.2[1])

- individual comparisons in the weighing design will be identified in section 3.4.

Weighing cycle

- describes the sequence in which reference (R) and test (T) weight are measured to determine the mass
difference of a comparison in a weighing design (e.g. RTR or RTTR), see OIML R111-1 C4 [1] more details are
described in section 3.5

Weighings

- asdescribed in OIML R111-1 C.4.1.1 [1], identifies the number of times a weight is loaded on the balance
during a weighing cycle, refers only to weighings for which the weighing result is recorded

- add also the number of preparatory weighings (pre-weighings) which are performed before the first recorded
loading takes place.

Repeats

- number of times the complete weighing design is repeated without stopping, changing or replacing the weights
(as such repeats are different from ‘weighing compositions’ explained in the next paragraph)

- repeats are usually done with fully automatic robots which require a significant warm-up period and/or show
poor reproducibility.

Weighing compaositions
- number of compositions with which the complete weighing design is repeated, using either
o different weights
o the same weights, but in a different function (e.g. as reference or check weight)
o the same weights, but under different circumstances (e.g. placed anew, on different mass handler
positions or during different environmental conditions)

- due to the above, weighing compositions are not equal to ‘repeats’ and are usually done when the software
cannot handle multiple reference standards, combine matrices or handle multiple functions of weights in a
weighing design.

- example:

o A:4S4-10g; 253-10g; 4S4-5g; 4S4-29; 4S4-2ge; 4S4-1g; 2S3-1g with 4S4-10g as reference
o B :4S4-10g; 2S3-10g; 4S4-5q; 4S4-2g; 4S4-2g-; 4S4-1¢g; 2S3-1g with 2S3-10g as reference

the same weights take part in ‘weighing compositions’ A and B, but the function of the 10 g weight is different, thus

they count as two different ‘weighing compositions’ especially because usually the weights will have been placed

anew and the measurements have been done under different environmental conditions as well.

4.4 Terminology for weighing designs

example : design for 10-10-5-5-2-2-2-2-1-1-1

Weighing designs (only partially shown)

- the numbers 1 to 10 on the top row

represent the nominal mass without unit (if 1011015151 2121212 1 11 1
the same weighing design is used for RITIT|TlDloDlT Il Tlpcl T/l s
multiple ranges, one weighing design 1]1-11l0l0lolololo 0 0| o
suffices) o _ 10|10 ]o]o]1][-1]0 [0]1
- the second row identifies the function of the ol11l11l0lo0lol1l11 o 0 | 1
weight in the weighing design, using the 11lo0lo0l2lolol2l 1o 0 | -1
following abbreviations ol 1lol a2l olol1l1] o 0o -1
o R =reference standard olol1l-1lo0lolol o 0 ol o
o T = (unknown) test weight olol1lololol1l 11 ol o
o C = check standard ololol212lolol12]-1] 1 ol o
o D =disc weights olojJ1]lololo|l-1]12]o0]-1]0
o P=pad olofof1]oJof-1]-1]0-1]0
o S = composition of smaller weights olololol1]-1l01lo0 0 0| o0
(e.9.1=05+0,2+0,2+0,1) olo|lo|lo|1|l0]-1]o0 0 0|0

etc.




- the position of the reference standard (R) indicates if the weighing design is for subdivision or multiplication [2]

- weights can have multiple functions (see example)

- the third and following rows represent the individual comparisons (in case they are done twice in the weighing
design, they should be included as two identical rows)

- the numbers 1, -1 and 0 indicate the role the weight plays in the comparison (= matrix rowl)

4.5 Terminology for calculations

Mathematical base
- method to solve the matrix (e.g. Lagrange or Gauss-Jordan) + references
Weight factors
- details about weight factors for matrix, e.g.
o hot weighted
o formula for weight factors
o reference to documentation
Software
- some details about the software used to solve the matrix (e.g. Matlab, Mathematica, Excel, name of a
commercial program or in-house developed software)
- information about the method to verify the software
Boundaries
- maximum number of comparisons and repeats per weighing design
- maximum number of weights per weighing design
- other boundaries due to software
Mass difference per weighing/weighing cycle
- details about the calculation of individual mass differences T — R, depends on the weighing cycle
Mass difference per comparison
- description of how the mass difference for each comparison is determined
Air buoyancy correction
- description how this correction is taken into account (e.g. per weighing or as average per comparison)
Handling of repeats in matrix
- description how repeats of a weighing design are incorporated in matrix (e.g. as separate lines or as average
value in one line)
Handling of weighing compositions resulting in multiple results the same weight
- arises when the software cannot combine matrices for different weighing compositions, but calculates the
masses of the weights separately for each weighing composition (see section 2.3)
- describes how multiple results for the same weight are combined to achieve the final result
- describes what is done in case of outliers and how the results are treated (e.g. correlated or not)
Handling of decades in matrix
- description how decades are treated in matrix (e.g. calculation per decade or merged into one matrix)
True/conventional mass
- indicates whether true mass is determined and conventional mass calculated or the other way round
Number of reference and/or check weights per weighing design
- identifies how many reference weights are used per weighing design and if they are incorporated together in the
weighing design or separately in different weighing designs
- idem for check weights
Handling of auxiliary weights
- describes how auxiliary weights (pads and disks) are treated and how the correction due to their mass
- difference is incorporated
Identification and handling of outliers
- describes how outliers (per equation and per loading) are identified, which acceptance criteria are used and
iffwhen outliers are deleted
Type A evaluation
- description of the calculation of the uncertainty in the weighing process or reference to documentation
Standard deviation
- which standard deviation (ordinary or standard deviation of mean) is used for the uncertainty calculation
Other uncertainty contributions
- identification of incorporated uncertainty contributions

! Each matrix row leads to an equation termed ‘equation of condition’, for example the fourth row : mip — Ms — M, — My, — My.. = >



- short description where necessary
Quality assessment
- description of methods used (+ references) for the assessment of the measurement quality and internal
consistency of the weighing results, for instance:
o check standards
o comparison of estimated residuals and belonging standard deviations
o F-test of standard deviation of the weighed least squares fit
o o standard deviation of balance (e.g. as described in OIML R111 D2 [1])
o used acceptance criteria
Efficiency assessment
- methods used to evaluate the efficiency of the weighing design (+ references)

5 Results

5.1 Inventory documents

The request to fill in the questionnaire was sent in April 2012. In August of that year a total of 16 inventories had
been collected from all countries listed in section 3, with the exception of Ireland, where they were still setting up the
system. The inventories are listed in annex A. Three other contact persons from NMIs referred to papers describing
their methods, but due to limited resources they could not assist further. After a reminder, it was clear that no more
contributions were to be expected, thus instead of a complete overview of the dissemination process used all over
the world, we had only an approximation.

Nevertheless, even 16 inventories proved to be very interesting with regard to differences in approach, but also
(despite the terminology and the example) different interpretations. It proved difficult to analyse and compare the
detailed documents, therefore it was decided to summarise all suitable aspects of the survey and apply some simple
statistics (section 6.2) to see if conclusions could be extracted.

Also various inconsistencies were noted in many inventory documents. Some could be resolved during the project
meeting of 2013, but not all participants were available then. Thus VSL and MIRS studied all documents in detail and
included requests for clarification where necessary. The documents were then sent to all participants with the
request to include the answers to the questions in the survey of their institute and to add their own questions in the
other surveys. Only three laboratories sent updates, thus many questionnaires shown in annex A still contain
unanswered issues.

5.2 Statistics

5.2.1 Instruments

The inventory documents contained a lot of information and in order to compare all this data, a summary as shown in
appendix B was made. From this summary it can be concluded that in 2012 in the participating NMIs 53-94% of the
mass range was covered using automatic weight handlers, with the 1 kg — 10 kg most frequently measured
automatically and the 1 mg — 5 g range the least.

From the sixteen NMls, eleven are completely or nearly completely automated while the balances used are mainly
supplied by Mettler Toledo and Sartorius which are at present the major manufacturers for the highly accurate
weighing devices required by national metrology institutes.

In many cases, traceability is obtained through the use of the national Ptlr mass standard (75%), which in its turn is
traceable to the International Prototype held at the BIPM. The remainder sends one or two stainless steel mass
standards either directly to the BIPM (19%) or to another NMI (6%). The latter is done either because the stainless
steel standard is the highest available mass standard within the institute or to save costs and time by skipping the
step required to link their stainless steel weights to their national Ptlr mass standard.



5.2.2 Weighing methods

The RTR weighing cycle is used in 63% of the NMls, the RTTR cycle in 56%. Some NMIs use both and some use a
more complex RTRTR cycle. The number of individual weighings (R + T) that are recorded and taken into account
varies from 5 to 160, with an average of 35.

Weighing designs are repeated by most of the participants (see fig. 1). The average number of repeats is 2-3, but
some NMis perform up to 10 repeats. Also the composition of the set used in the weighing design is varied by 8 of
the 16 labs. One lab reports a rather high number of compositions (7-10). This might be caused by the use of a
complicated RTRTR cycle, the fact that multiple sets are calibrated at the same time or because there is still a
misunderstanding about what exactly is meant by a ‘composition’. This distorts the statistics of this element.

number of repeats
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Fig. 1: Number of repeats per range

Further details about weighing designs are discussed in section 6.4.

5.2.3 Calculation methods

The calculation of the mass of the weights participating in the weighing designs is done using Gauss-Jordan (38%),
Gauss-Markov (31%), Lagrange (31%) and other methods (19%)2. For the computing of the results usually Excel or
in-house developed software is used.

In the calculation procedure decades can be combined, thus leading to more complicated designs. This is done by
only 25% of the participants. The remainder of the test group calculates each design separately and uses the result
of the previous design as input for the next.

It appears that 75% of the participants determines the true mass of the weights participating in the weighing design
and consequently calculates the conventional mass from the true mass. Also 75% corrects each weighing for the
buoyancy, while other part applies the correction to the average of a weighing cycle. There is however some overlap
depending on the weighing range.

Repeats are generally treated as separate lines in the weighing design (75%), the rest uses the average of the
repeats as one line in the design. How to handle the correlation between repeats of weighing designs is complicated,
that may explain why not all participants have included this (yet). The difference in accuracy of various balances is
more easily incorporated, 75% uses a weighted least squares method.

For the calculation of the type A uncertainty, 77% uses the ‘normal’ standard deviation, the others take the standard
deviation of the mean, which is considerably smaller when a cycle contains many weighings.

Quality assessment is very important, especially because usually a lot of data is generated. Most labs (53%)
compare the mass differences of weights participating in various designs to see whether there have been outliers.
The new results are also compared to the previous values (40%) and check weights are also inserted in the design
(40%). Other methods like F-test and the check of residuals are performed as well by some institutes.

% The sum is higher than 100% because many NMiIs use a second method for checking the primary method.



5.3 Relevant papers

In the course of the project references to useful papers were collected among the participants and other parties.
These references are listed in section 8 of this document. No doubt, that many other interesting papers on this
subject exist, but the aim of this project was not to present an extensive overview of all available papers, just those
that are currently in use by the 16 participants or other interested parties. For more documents the paper[16] is a
good starting point.

5.4 Weighing designs

Weighing designs based on a mass set containing (sub)multiples of 1, 2 and 5 are most commonly used. These
designs reflect the composition of such a weight set. The 1-1-2-2-5-5-10-10 weighing design is used most frequently,
followed by the 1-1-2-2-5-10 design, though also other designs are used. The design is often dictated by the type of
weighing instruments (some can handle only 3 weights on the pan at the same time) or (in case of manual weighing)
the efficiency versus required uncertainty. Only one participant (NRC) includes (sub)multiples of 3 which requires
special weights for 3 g, 30 g, etc. to be added.

More than one reference weight can be included in the weighing designs, however 75% of the participants uses only
one reference weight per decade, 31% uses two and 12% more®. Also check weights are often included.

5.5 Reproducibility

After the inventory documents had been studied, the possibilities for improvements of the weighing designs were
discussed. Though several detailed studies towards more sophisticated designs were available [9 — 14], the
consensus within the group of participants was that there are other effects at work during mass measurements that
are more influential. The major effect was the limited reproducibility.

At VSL a detailed study was performed with regard to repeatability versus reproducibility using various types of
robots. Two types of repeats were compared. Type | is when weighing designs are repeated without pause. For the
second type Il there is a pause varying from several hours to a couple of months. Generally in between the repeats,
the weights are taken out of the robot and put into their usual dust-free storage. When the weighing design is
repeated, the weights are placed again into the robot, in the same position as before, but as they can be rotated
around a vertical axis, the orientation is likely different.

4S4-OIML-2g + 4S4-OIML-2g » + 454-OIML-1g
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Fig. 2: Typical mass differences measured on the A5 robot at VSL

% The sum is higher than 100% because this depends on the decade, some NMIs use both methods.



In fig. 2 the two types of repeats are shown in the case of the equation in which2 g+ 2 g+ 1 gis comparedto 5 g on
the A5 robot. Each dot in fig. 2 is the average of the 19 mass differences calculated from the 21 loadings in the RTR
weighing cycle associated with the equation. This equation was part of a 1-1-2-2-5-5 weighing design and the whole
set of 9 equations was repeated 5 times (type | repeat). The measurement of the complete weighing design took
approximately 30 hours with 6 hours between the consecutive identical equations. As shown in the graph, the 5
repeats of type | result in 5 mass differences grouped closely together. The vertical bars indicate the standard
deviation of the 19 mass differences found in each cycle. Multiplying these standard deviations with factor 2, to get a
rough indication of the expanded uncertainty with k = 2, the variations due in between the type | repeats is covered
quite well.

When however type Il repeats are compared, considerable deviations between the tightly packed groups are visible.
These deviations, approaching ¥2Ug; = 0,0025 mg, the half of the expanded E1 uncertainty for 5 g (indicated by the
dotted lines), are not easily explained. Before each weight is placed in the robot it is checked carefully for dust
particles and all weights meet the OIML R111 requirements [1] for class E1 with regard to magnetic susceptibility
and remanent magnetisation. The drift of the weights in the period in between the repeats of type Il is negligible and
all mass differences are corrected for variations in the air buoyancy. Thus the deviations must be mainly caused by
the limited reproducibility of the robot.

When the results of fig. 2 are compared to a similar equation (see fig. 3) one decade higher and therefore measured
on a different robot, it is clear that there reproducibility is a much smaller problem. On this balance, a Mettler AT106
with specially developed handler, it is the limited repeatability which occasionally is a problem as indicated by the
one larger vertical bar. Both type | and type Il differences remain well within the “2Ug; uncertainty limits (indicated by
the dotted lines).

454-0IML-20g +454-0OIML-20g  + 253-0OIML-10g
compared to 454-0OIML-50g
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Fig. 3: Typical mass differences measured on the AT106 with handler at VSL

5.6 A study of the robustness of the weighing designs

During the project time, BEV (Austria) studied the robustness of the weighing designs by simulating measurements
with 10% errors in the weighings. In this unfavourable scenario, 3,7% to 11,5% of the results was undetectably
wrong, depending on the design. It means the classic quality assessment based on known check weights failed.

A method has been developed to automatically reduce the effect of the outliers. It is based on the iteratively re-
weighted least square method IRLS). Using this method the number of the undetected errors is reduced to 0,5% to
3,9% depending on the design and the re-weighing algorithm [21].

Using the analysis BEV currently is experienting with a weighing design (10-10-5-5-2-2-1-1) with 14 weighings,
combined with the IRLS method. It this design the undetected errors are reduced to 0,4%.



6 Conclusions

The first aim of this project was to collect information about the dissemination process performed by various national
metrology institutes, has been met. Though the fact that only 16 NMis have filled in the inventory document,
prevents robust statistical analysis, the number is small enough to allow a thorough perusal of each document. This
proved to be very instructive and consecutive discussion made clear that the laboratories are all more or less
struggling with the same problems. It also became clear that despite the extensive terminology section, nuances in
interpretation can still occur.

The second aim was to see if the currently used weighing designs can be improved now that automation of the
weighing process is progressing steadily. Robots generally improve the efficiency and the repeatability of the
measurements. The type Il repeats however, have shown that in some cases the smaller repeatability is nullified by
a larger uncertainty due to poor reproducibility. It is therefore recommended to include repeats of type Il in the
dissemination process to determine the effect of reproducibility and incorporate it into the type A uncertainty
contribution. Otherwise very low uncertainties may be claimed which will not endure in practise.

The investigation of the robustness of the designs leaded to a possible improvement in the calculations using
iteratively re-weighted least squares method.

This problem with reproducibility together with the other, often unexplainable variations happening during mass
measurements, severely limits the effectiveness of more sophisticated weighing designs applicable for the whole
mass scale. Thus it was decided that, for the time being, the current designs suffice. This coincides with the
conclusion Morris already stated in 1992 [11, page 377] “... it is quite easy to find a very good design even though it
may be difficult to find the best one”. Having reached the same conclusion, does not mean the effort of this project
was in vain. The question “can weighing schemes be improved?” should be asked and answered regularly.

At this moment however, it is not possible to claim there is a ‘best way’ to disseminate the kilogram, thus reducing
the need of the third aim of this project, the creation of a dedicated guideline. Nevertheless, this document can be
used as such. Not only for NMIs starting up their own dissemination process, but also NMIs working longer in this
field can study alternative methods and try them to see if they suit their needs or instruments better.
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Annex Al: inventory document of BEV

Name institute

BEV, Bundesamt fur Eich- und Vermessungswesen, Vienna, Austria

Address

Arltgasse 35
A 1160 Wien
Austria
www.bev.gv.at

Contact person

Zoltan Zelenka
Tel. +43 1 211 10/ 6607, Fax +43 1 211 10/ 6000

zoltan.zelenka@bev.qgv.at

Instruments
robot/handler manu- . typical standard auxiliary
range balance - resolution - max. load ; remarks
details facturer deviation pads/disks
0,00015 -
. 0,0002 mg
Robot, 80 positions, ’
1mg-10g CCE®6 manual combinations BEV-FTU 0,000 1 mg (1 mg-109) 10g no
0,0015 mg Some 100 g
Automatic Balance measurements
- ' 50 g disk are performed
20g-100g AT 106 H 4 positions Mettler 0,001 mg 100 g weight in the
manual combinations 9 CC 1000 SL
balance
0,0006 mg ™ disk
CC 1000 Automatic Balance, (50 g), 100 g Weie ﬁ,?u%u:”
100 g-1Kkg 4 positions Sartorius 0,001 mg 1 kg and 500 g 9 ally
SL L . . not used in
manual combinations disk weights this balance
0,04 mg
CC10000 (20' ;0 kg)
S and Robot, 16 positions, 0,1 mg and 5 Mg
1kg-20kg | 20000 | manual combinations | BEY-FTY 1mg (20 kg) 20kg no
S



http://www.bev.gv.at/
mailto:zoltan.zelenka@bev.gv.at

Mass sets

composition of calibration traceable
set ID range set manufacturer shape period to remarks
12345 8 pcs 1 kg weight,
T e o 1 kg - Hafner OIML cylinder 2 years Prototype 49 Minimum 2 of them are used
Stahl, S1, S2
as reference
1mg- ) OIML cylinder, Prototype 49
M01373 1kg 5-2-2-1 sheet 2 years
M01374 1mg- 5.2.2-1 ) OIML cylinder, 2 years Prototype 49
1kg sheet
M02381 1mg- 5.2.2-1 Hafner OIML cylinder, 2 years Prototype 49
1kg sheet
4 pcs 2 kg - Hafner OIML (;yllnder 2 years Prototype 49
wire
2 pcs 5 kg - Hafner OIML cylinder 2 years Prototype 49
3 pcs 10 kg - Hafner OIML cylinder 2 years Prototype 49
3 pcs 20 kg - Hafner OIML cylinder 2 years Prototype 49
50 g, - Cylinder
- 100 g, Hafner None Auxiliary set, disk weights
500 g
1mg- 5-2-1 « OIML cylinder, Auxiliary set, control weights
Z(V) 500 g Hafner sheet None if needed




Measurements

weighing
cycle

no. of no. of weighing

range balance weighing design repeats compositions

no. of weighings

min 10 RTTR (40)
1mg-10g CCE6 10-10-5-5-2-2-1-1 RTTR weighings 1 1
0 pre-weighing s

min 10 RTTR (40)
10g-50g AT 106 (10-10-) 5-5-2-2-1-1 RTTR weighings 1 1
0 pre-weighings

min 30 RTTR (120)
for the most accurate
measurements
100g-1kg CC 1000 SL 10-10-5-5-2-2-1-1 RTTR 50 RTTR (200) 1 1
weighings
0 pre-weighings

CC10000S min 10 RTTR (40)
1kg—-20kg and 10-10-5-5-2-2-1-1 RTTR weighings 1 1
CC20000S 0 pre-weighings

"No pre-weighings are used. Usually the first measurement(s) is removed if it is significantly deteriorated. The CC100SL has a long warming up time, so several
measurements are removed due to this drift.



Weighing designs
The described weighings are the minimum ones for the decades. In practice other weighings are also used, when they fit in the matrix.

100 g — 1 kg (10-10-5-5-2-2-1-1) weighing design Any other decades (10-10-5-5-2-2-1-1) weighing design
10 10 5 5 2 2 1 1 10 10 5 5 2 2 1 1
R R T C/D T T T C/D R R T C/D* T T T C
-1 1 -1 1
-1 1 1 -1 1 1

-1 1 1 -1 1 1
-1 1 -1 1
-1 1 1 1 1 -1 1 1 1 1
-1 1 1 1 1 -1 1 1 1 1
-1 1 1 1 -1 1 1 1
-1 1 1 1 -1 1 1 1
-1 1 -1 1
-1 1 1 -1 1 1
-1 1 1 -1 1 1
-1 1 -1 1

* The 50 g weight is a disk weight can be used by AT106
balance. In all other decades a normal OIML weight is used



1 kg (1-1-1-1) weighing design

1 1 1 1
R R RIT T
-1 1
-1 1
-1 1
-1 1
-1 1
-1 1

Usually 2 or 3 references are used.

Alternative 1 kg design.

1 1 1 1
R R R T
-1 1
-1 1

-1 1




Calculations

subject method
software developed in-house, based on Excel
boundaries max: 130 weights and 1000 weighing

mass difference per weighing

from weighing cycle R; Ti Ti+1 Ri+1 mass difference are calculated with
Ami = (Ti + Ti41)/2 - (Ri + Rix1)/2

mass difference per equation

average of above Am;

air buoyancy correction

calculated per cycle

handling of repeats in matrix

If there is any: added as separate lines in the matrix

handling of weighing compositions
resulting in multiple results for same
weight

If there is any: added as separate lines in the matrix

handling of decades in matrix

Matrix can be used for any mathematically valid combinations (multiply weights with same nominal values, single
decade, several joined decades or part of a decade. Usually all the decades are in one matrix.

true/conventional mass

Conventional mass determined, true mass calculated from conventional mass

number of reference and/or check
weights per weighing design

Strongly depends on the required accuracy: usually 2 reference and 2 check weights per decade

handling of auxiliary weights

The special disk weights are used as “normal” check weights (see [19])

identification and handling of
outliers

Outliers in comparison of two weights:

All mass differences per equation are compared graphically.

Individual weighings which strongly deviate from average (outliers) are checked and if it is possible a faulty weighing
is deleted (e.g. due to warming up effects, sudden change in the environmental conditions). In case there is not




subject

method

enough or reliable individual weighings remain, the whole measurement will be repeated.

Outliers in subdivision:

Residuum analysis is used for identify the outliers. In case the identification of the outlier is obvious, the
measurement is repeated and replaced. If not, or in case of smaller inconsistencies the method described in [21] is
used.

type A evaluation

as described in [4, 26]

standard deviation

standard deviation of mean is calculated
as a weighing factor, the standard uncertainty of the mass difference between the weights is used.

other uncertainty contributions

1. uncertainty of reference weight
2. uncertainty due to air buoyancy correction
¢ volume of the reference weight, taking into account the actual thermal expansion
¢ volume of the unknown weight, taking into account the actual thermal expansion
e air density calculated taking into account an application error of the sensors from
o air temperature,
oair pressure,
o air humidity
oair CO; content in case of CC1000SL

3. uncertainty for drift/instability of reference weight

4. uncertainty for center of gravity

5. uncertainty due to the balance resolution

6. other uncertainty due to balance (eccentricity, linearity) are negligible

In case of CC E6 balance for usually calibration with lower uncertainty the uncertainty of the position error.
Note: In case when the smallest uncertainty required (e.g. mass standards of BEV), some of the
measurements are repeated after swapping the weights. The position errors are introduced in the matrix like
the weights (see [19]).

quality assessment

Residuum analysis, check standards and comparison of the previous data (if available)

efficiency assessment

not yet




Annex A2: inventory document of CEM

Name institute CEM
Alfar, 2

Address 28760 Tres Cantos Madrid
Spain

Contact person

Nieves Medina
mnmedina@cem.minetur.es

+34918074789

Instruments

range

balance robot/handler details

manu-
facturer

resolution

typical
st. dev.

max.
load

auxiliary
weights

remarks

1mg-5g

A5 robot
36 positions
max. 3 weights on pan
automatic combinations

UMTS

Mettler

0,0001 mg

0,0002 mg

69

no

10g-1kg

6 positions
max. 3 weights on pan
manual combinations

M-ONE

Mettler

0,00001 mg

0,0001 mg

10g

sometimes

six 100 g disks

2 kg -10 kg

rotating weight handler
4 positions

max. 3 weights on pan

automatic combinations

AT10005

Mettler

0,01 mg

0,02 mg

10 kg

no

weights are
stacked when
necessary



mailto:mnmedina@cem.minetur.es

Mass sets*

iti i i traceable
set ID range composition of manufacturer shape callbr.atlon remarks
set period to
MP1 1kg 1 Hafner OIML 5* year CEM®
MP2 1 kg 1 Hafner OIML 5* year CEM weights used as
MP3 1 kg 1 Hafner OIML 5* year CEM reference
MP4 1 kg 1 Hafner OIML 5* year CEM
MP 55[;) MP 1mg-5g 5-2-2-1 Mettler OIML wire 5* year CEM
MP 551 MP 10g-50049 5-2-2-1 Mettler Cylinder 5* year CEM all sets calibrated parallel
MP S MP 2 kg — 10 kg 5-2-2-1 Hafner Cylinder 5* year CEM

*Controls are performed in between

“ Typical drift U/Y3. These mass sets are the reference sets and are not used for costumer calibrations.
® Traceable to national Ptlr of Spain




Measurements

range balance weighing design weighing no. of weighings no. of no. of we_|gh|ng
cycle repeats compositions
21° weighings
1000-1000-500-500-200-200-100- .
Img-1g uMTS 100-50-50-20-20-10-10-5-5-2-2-1-1 RTR variable pre- 4 1
weighings
La_1k UMTS 1000-1000-500-500-200-200-100- TR 21 weighings . .
9-1Kg M- ONE 100-50-50-20-20-10-10-5-5-2-2-1-1 ible p
weighings
21 weighings
2 kg -10 kg AT10005 10-10-5-5-2-2-1-1 RTR variable pre- 4 1
weighings

® This is 11 weighings of the reference, 10 for the test, so 21 weighings in total per cycle.




-1

-1

-1

10

10

-1

20

-1

20

50

50

100

100

200

200

500

500

1000

1000

17

1000-1000-500-500-200-200-100-100-50-50-20-20-10-10-5-5-2-2-1-1

Weighing designs

" This line comes from the boundary condition necessary for Gauss Markov method, the value of the reference mass




Calculations

subject

method

mathematical base

Gauss-Markov [4]

weight factors

No

software

Excel developed in-house
Results checked with Matlab

boundaries

max. 29 equations and 10 repeats per weighing design
max. 4 different weights measured at the same time in an equation

mass difference per weighing

from weighing cycle R1TR2 mass difference are calculated with
AMi=T — (R + Rin)/2 (RTR-RTR-RTR ...

mass difference per equation

average of above Am;

air buoyancy correction

calculated per weighing

handling of repeats in matrix

average value in one line (the 10 weighing cycles are repeated 4 times and only one value is chosen, which is the
one that is closer to the average)

handling of weighing compositions
resulting in multiple results for same
weight

outliers are deleted if cause is clear (e.g. dust particle)

average mass is calculated

ordinary standard deviation is added as to uncertainty (reproducibility)
at present the results are treated as ‘not correlated’

handling of decades in matrix

merged into one matrix

true/conventional mass

true mass determined, conventional mass calculated from true mass

number of reference and/or check
weights per weighing design

1 reference per weighing design
no special check weights

handling of auxiliary weights

mass difference per equation is corrected for mass difference of auxiliary weights, extra uncertainty assigned to
those equations

identification and handling of

no outlier, the “best” value is chosen (see “handling of repeats in matrix”)




subject

method

outliers

type A evaluation

as described in [15]

standard deviation

standard deviation of mean

other uncertainty contributions

. uncertainty of reference weight

. uncertainty due to air buoyancy correction

. uncertainty for drift of reference weight

. uncertainty for center of gravity

. (where applicable) uncertainty for pads

. uncertainty due to reproducibility (standard deviation of the mean for the chosen value)
. uncertainty due to resolution of balance

. other uncertainty due to balance (eccentricity, linearity) are negligible

O~NO U WN P

quality assessment

comparing mass differences of equal comparisons done in different repeats

efficiency assessment

not yet




Annex A3: inventory document of CMI

Name institute

CMI

Address

Okruzni 31, 63800 Brno

Czech Republic

Contact person

Mr. Jaroslav Zuda

jzuda@cmi.cz

+420 602 551 921

Instruments
range balance robot/handler details manu- resolution typical max. aux_lllary remarks
facturer st. dev. load weights
1mg-5g UMT5® Manual weight handler Mettler 0,0001 mg 0,0003 mg 519 no
Stainless
steel discs
Rotating weight handler 30 g—200
10g-1kg AT1006° 4 positions Mettler 0,001 mg 0,003 mg 1000 g g, internal
Manual combinations weights 10
g, 300 g,
500 g
Internal Total sum of
Rotating weight handler weights, nominal masses
1kg—-10kg AT10005 4 positions Mettler 0,01 mg 0,03 mg 10 kg set of disc onlv 1 ka. 2 ka. 5
Manual combinations weights K )(;r 1ogl’< 9
1kg-5kg 9 9

8 UMT5 is used for some calibrations for customers and probably will be used for calibration of CMI weight set.

 AT1006 is used for some calibrations but M-One is preferred..



mailto:jzuda@cmi.cz

range balance robot/handler details manu- resolution typical max. au>§|l|ary remarks
facturer st. dev. load weights
rotating weight handler ()(;rgg?em? Weights Max(');nvlg hh?ght
1mg-1kg M-One 6 positions Mettler 0,0001 mg 1000g | from other welght
L 0,0003 m 11 combination is 9
manual combinations sets
(vacuum) cm
Mass sets
iti i i traceable
set ID range composition of manufacturer shape Callbr.atlon remarks
set period to
67 1 kg 1 BIPM Cylinder 10 years BIPM National Ptlr prototype
15699 1kg 1 Mettler OIML 5 years CMI (67)
15701 1kg 1 Mettler OIML 5 years CMI (67)
15936 1 mg—1kg 5-5-2-2-1-1 Mettler OIML + wire 5 years CMI (15699 +
15701)
15933 1kg-5kg 5-2-2-1 Mettler oIML 5 years CM'1§17%61£)’9 * | allsets calibrated parallel
CMI (15699 +
15921 10 kg 1 Mettler OIML 5 years 15701)
CMI (15699 +
15921.1 10 kg 1 Mettler OIML 5 years 15701)
Used for studies of
. 5*100, 5*200, .. . CMI (67 + Y
Cylinder 100g-1Kkg 2*500, 4*1000 Hafner Cylinder 2 years 15699 + 15701) callbrigcr)]r;i;ino\rllzcuum

10 \vacuum or lower pressure is not currently used for mass dissemination. However one of the tasks for the future is to use vacuum and/or different gases for
calibration of mass and volume of the weights.

I We have a new weight set of cylinders so we can perform calibration of two sets at the same time.




Measurements

range balance weighing design weighing no. of weighings no. of no. of we_lghlng
cycle repeats compositions
M-One, 40 weighings
1mg-1kg AT1006 10-10-5-5-2-2-1-1 RTTR 2 pre-weighings 3 1
1mg-1g UMT5 10-10-5-5-2-2-1-1 RTR 121 weighings 3 1
pre-weighing
100g-1g MCM106 10-10-5-5-2-2-1-1 RTTR 40 weighings 3 1
1kg—-10kg AT10005 10-10-5-2-2-1-1 RTTR 40 weighings 3 1
2 pre-weighings

Weighing designs*?

10-10-5-5-2-2-1-1 weighing design, decades 1 mg — 100 g

10 10 5 5 2 2 1 1
R T T T T T T T
-1 0 1 0 1 1 1 0
-1 0 0 1 1 1 0 1
0 -1 1 0 1 1 1 0
0 -1 0 1 1 1 0 1
0 0 -1 0 1 1 1 0
0 0 0 -1 1 1 0 1
0 0 0 0 -1 0 1 1
0 0 0 0 0 -1 1 1
0 0 0 0 0 0 -1 1

!2 Since we cannot put the desired combination of weights on one position
we have to use disc weights to extend the area where to put other weights.

10-10-5-2-2-1 weighing design, decade 1 kg — 10 kg

10 | 10 5 2 2 1 5 2 2 1
T T T T T R D D D D
-1 1 0 0 0 0 0 0 0 0
-1 0 0 1 1 1 1 0 0 0
0 -1 0 1 1 1 1 0 0 0
0 0 -1 0 0 0 1 0 0 0
0 0 -1 0 0 1 0 1 1 0
0 0 0 -1 1 0 0 0 0 0
0 0 0 -1 0 1 0 0 0 1
0 0 0 0 -1 1 0 0 0 1
0 0 0 0 0 1 0| -1 0 1
0 0 0 0 0 1 0 0| -1 1
0 0 0 0 0 1 -1 1 1 0
0 0 0 0 0 -1 0 0 0 1




10

10

10-10-5-5-2-2-1-1 weighing design, decade 100 g — 1 kg




Calculations

subject

method

mathematical base

Gauss-Jordan [3]

weight factors

yes, as described in [4]

software

Excel

boundaries

In general no boundaries

mass difference per weighing

from weighing cycle R1T1R2T2R3T3R, ... Th.1Th mass difference are calculated with
AMi =T — (Ri+ Rix1)/2 for1=1,3,5,7, ...
Ami = (Ti+ Tiw)l2 - Ris1 for1=2,4,6,8, ...

From weighing cycle R1T1T2R2R3T3T4R4 ... mass differences are calculated with
AM; = (Taia + T2)/2 = (Raia + Ry)/2 for1=1, 2, 3...

mass difference per equation

average of above Am;

air buoyancy correction

calculated per weighing

handling of repeats in matrix

added as separate lines in matrix

handling of weighing compositions
resulting in multiple results for same
weight

In case of outliers the respective measurement is repeated

average mass is calculated

ordinary standard deviation is added as to uncertainty (reproducibility)
at present the results are treated as ‘not correlated’

handling of decades in matrix

masses calculated per decade

true/conventional mass

true mass determined, conventional mass calculated from true mass

number of reference and/or check
weights per weighing design

1 reference per weighing design
no special check weights

handling of auxiliary weights

mass difference of pads determined before measurement and checked afterwards
mass difference per equation is corrected for mass difference of pads, extra uncertainty assigned to those equations




subject

method

identification and handling of
outliers

all mass differences per equation are compared graphically
individual weighings of outliers which deviate more than appr. 80% of standard deviation from average are checked
and if possible clearly faulty weighings are repeated

type A evaluation

as described in [4]

standard deviation

ordinary standard deviation (not standard deviation of mean)

other uncertainty contributions

1. uncertainty of reference weight

2. uncertainty due to air buoyancy correction
(volume of reference weight, unknown weight and air density as 3 separate contributions, maximum
correlation assumed)

3. uncertainty for drift of reference weight

(usually 0 as references for most decades are calibrated at the same time)

. uncertainty for convection

. uncertainty for center of gravity

. (where applicable) uncertainty for pads

. uncertainty due to reproducibility (see ‘handling of multiple weights’)

. uncertainty due to resolution of balance

. other uncertainty due to balance (eccentricity, linearity) are negligible

O©oOo~NO O~

quality assessment

Some measurements are repeated between the periodical calibrations
If necessary, the calibration is repeated immediately

efficiency assessment

not yet




Annex A4:

inventory document of EIM

Name institute

EIM

Address

Industrial Area of Thessaloniki
Block 45, Sindos, 57022

Greece

Contact person

Dr. Chris Mitsas

chris.mitsas@eim.gr

+30-2310-569 960

Instruments

range

balance

robot/handler details

manu-
facturer

resolution

typical
st. dev.

max.
load

auxiliary
weights

remarks

1mg-5g

C5S

manual
hanging weighing pan
max. 3 weights on pan
manual combinations

Sartorius

0,0001 mg

0,0002 mg

59

no

10g-100g

AT106

rotating weight handler
4 positions

max. 3 weights on pan

manual combinations

Mettler

0,001 mg

0,001 mg

100 g

no

100 g — 1000 g

CC1000
S-L

rotating weight handler
4 positions

max. 3 weights on pan

manual combinations

Sartorius

0,001 mg

0,002 mg

1000 g

no

Sartorius Al alloy
plates

1kg—10kg

CC10000
U-L

rotating weight handler
4 positions

max. 3 weights on pan

manual combinations

Sartorius

0,01 mg

0,06 mg

10 kg

no



mailto:chris.mitsas@eim.gr

range balance robot/handler details f?c?ﬂfér resolution ?tllp(ij%?)' T;e;é' exggiﬁ{sy remarks
sliding weight handler
20 kg — 50 kg ch?l? 01 max. 3? v‘\)/gisg;:i?:f)n pan Sartorius 1mg 3 mg 50 kg no Sartogltzeil alloy
manual combinations
Mass sets
set ID range compc;seittion of manufacturer shape ca:)ig:i%t(ijon tracte;able remarks
13501 1 kg 1 Haefner cylinder 5 years BIPM weights used as “national”
13504 1kg 1 Haefner cylinder 5 years BIPM standards
13502 1kg 1 Haefner cylinder 3 years EIM weights used as reference
13503 1 kg 1 Haefner cylinder 3 years EIM calibrated parallel
13505 1 mg-5Kkg 5-2-2-1 Haefner OIML 3 years EIM 19...10 kg knob — 500
mg...1 mg plate
13500 10 kg 1 Haefner OIML 3 years EIM set calibrated individually
1g...10 kg knob — 500
1520504 1 mg — 10 kg 5-2-2-1 Haefner OIML 3 years EIM mg...1 mg plate
set calibrated individually
43851 10g-5Kkg 5-2-2-1 Haefner disc 5 years EIM used as auxiliary weights
1770504 20 kg 1 Haefner OIML 3 years EIM
1730504 20 kg 1 Haefner OIML 3 years EIM
1670504 50 kg 1 Haefner OIML 3 years EIM
1710504 50 kg 1 Haefner OIML 3 years EIM




Measurements

- . weighing - 13 no. of no. of weighing
range balance weighing design cycle no. of weighings repeats“ compositions

1-10 mg C5S 10-10-5-5-2-2-1-1 RTTR 16 weighings 1 1
4 pre-weighings

10-100 mg C5S 10-10-5-5-2-2-1-1 RTTR 16 weighings 1 1
4 pre-weighings

100 — 1000 mg csS 10-10-5-5-2-2-1-1 RTTR 16 weighings 1 1
4 pre-weighings

16 weighings

1-5g C5S 10-10-5-5-2-2-1-1 RTTR i 1 1
4 pre-weighings

5-10g AT106 10-10-5-5-2-2-1-1 RTTR 16 weighings 1 1
4 pre-weighings

10-100 g AT106 10-10-5-5-2-2-1-1 RTTR 16 weighings 1 1
4 pre-weighings

100-1000g | CC1000S-L 10-10-5-5-2-2-1-1 RTTR 16 weighings 1 1
4 pre-weighings
Qo 15

1kg CC1000S-L 1-1-1-1 RTTR 24 weighings 1 1
pre-weighings

16 weighings

1-10kg CC10000U-L 10-10-5-5-2-2-1-1 RTTR 4 pre-weighings 1 1

10 — 50 kg CC50001S-L 5-5-2-2-1-1 RTTR 16 weighings 1 1
4 pre-weighings

'3 4 x RTTR cycles per weighing equation are performed, resulting in 16 weighings. In addition a single RTTR cycle is performed as a pre-weighing.

4 Reproducibility is estimated through weekly QC measurements performed independently of dissemination activity. However, reproducibility is in general not included as a component
in the uncertainty budget

%6 x RTTR cycles per weighing equation are performed, resulting in 24 weighings. In addition a single RTTR cycle is performed as a pre-weighing.



Weighing designs

10-10-5-5-2-2-1-1 weighing design (sub-division) 1-1-1-1 weighing design (1kg)
10 10 5 5 2 2 1 1 1 1 1 1
R T T c T T T c R T c C
-1 1 0 0 0 0 0 0 -1 1 0 0
-1 0 1 1 0 0 0 0 -1 0 1 0
0 -1 1 1 0 0 0 0 -1 0 0 1
0 0 -1 1 0 0 0 0 0 -1 1 0
0 0 -1 0 1 1 1 0 0 -1 0 1
0 0 0 -1 1 1 0 1 0 0 -1 1
0 0 0 0 -1 1 0 0
0 0 0 0 -1 0 1 1
0 0 0 0 0 -1 1 1
0 0 0 0 0 0 -1 1

10-10-5-5-2-2-1-1 weighing design (upwards)

10 10 5 5 2 2 1 1
T C T C T T C R
-1 1 0 0 0 0 0 0
-1 0 1 1 0 0 0 0
0 -1 1 1 0 0 0 0
0 0 -1 1 0 0 0 0
0 0 -1 0 1 1 1 0
0 0 0 -1 1 1 0 1
0 0 0 0 -1 1 0 0
0 0 0 0 -1 0 1 1
0 0 0 0 0 -1 1 1
0 0 0 0 0 0 -1 1




Calculations

subject Method

mathematical base Lagrange [4, 22]

weight factors yes, as described in [4]

Excel is used for all evaluations (calculation of buoyancy, mass differences and adjustment procedure). Raw data
software are entered manually into calculation sheet.
Sartorius NetScales software is being evaluated for this task

boundaries N/A

from each weighing cycle RTT'R" mass differences are calculated as

mass difference per weighing A= (Ti+T{ -Ri-R7)2 fori=1..4

mass difference per equation

average of above Am;

air buoyancy correction

calculated per cycle

handling of repeats in matrix

N/A

handling of weighing compositions
resulting in multiple results for same | N/A
weight

handling of decades in matrix masses calculated per decade

true/conventional mass conventional mass determined, true mass calculated from conventional mass

1 reference
2 or 3 check standards used

number of reference and/or check
weights per weighing design

Mass difference of plates is eliminated by exchanging their position on the weight handler halfway through the
completion of measurements per comparison equation. Plate mass difference is also calculated and used as a
quality control measure

handling of auxiliary weights

Mass differences per equation are compared graphically. Standard deviation of group of mass differences is
identification and handling of assessed with respect to the pooled standard deviation of the process through an F-test [1]. If test fails, it is

outliers attempted to identify problem. All weighings corresponding to a particular comparison equation are repeated in case
of test failure.




subject

Method

type A evaluation

as described in [4]

standard deviation

ordinary standard deviation (not standard deviation of mean)

other uncertainty contributions

1. uncertainty of reference weight
2. uncertainty due to air buoyancy correction
(volume of reference weight, unknown weight and air density as 3 separate contributions, maximum
correlation assumed)
3. uncertainty for drift of reference weight
(only for reference weight and check weights as the head weights for each decade are calibrated at the same
time)
4. (where applicable) uncertainty for plates
5. uncertainty due to balance (resolution, eccentricity, linearity)

quality assessment

The group standard deviation [4] is used to ascertain the quality of the adjustment (internal consistency check).
Furthermore, individual check standard mass differences as determined within a decade are compared against
corresponding average values obtained from QC procedures, and/or previous calibration results through a t-test [1].

efficiency assessment

N/A




Annex A5: inventory document of INM

Name institute

NATIONAL INSTITUTE OF METROLOGY

Address

Sos.Vitan Barzesti nr. 11, sect.4, Bucuresti, Romania

Contact person

Mrs. Adriana Valcu; Mr. George Popa
adriana.valcu@inm.ro george.popa@inm.ro
adivaro@yahoo.com georgefpopa@yahoo.com

+40-21-3345060

Instruments
range balance robot/handler details manu- resolution typical max. aux_lllary remarks
facturer st. dev. load weights
manual weight handler
0,05mg-5g UMX 5 max. 4 weights on pan Mettler 0,0001 mg (0‘000261"0’0003) 519 no
manual combinations 9
manual weight handler
(10-100) g AX206 max. 4 weights on pan Mettler 0,001 mg (0’00105'0’0016) 211g no
manual combinations 9
used for
comparison
between Pt-Ir
kg and
rotating weight handler When reference
(100 — 1000) g AT1006 4 positions Mettler 0,001 mg (0,0009...0,0011) 1011 g necessary Welght§ and
max. 4 weight on pan mg (disc for high
manual combinations weights) accuracy of
E1 class
(equations
involving 4

weights)



mailto:adriana.valcu@inm.ro
mailto:george.popa@inm.ro
mailto:adivaro@yahoo.com
mailto:georgefpopa@yahoo.com

. manu- . typical max. auxiliary
range balance robot/handler details facturer resolution st. dev. load weights remarks
manual weight handler cﬂsg%fgrr’s
(200 —1000) g AT1005 max. 7 weights on pan Mettler 0,01 mg (0,029...0,046) mg 1109¢g no sets of
manual combinations h
weights
rotating weight handler
CC10000 4 positions . 10,050
(1 —-10) kg U-L max. 4 weights on pan Sartorius 0,01 mg (0,013...0,062) mg kg no
manual combinations
manual weight handler
2 positions
20 kg 107 max. 5 weights on pan Sauter 2mg 1,6 mg 20 kg no
manual combinations
Mass sets
iti i i traceable
set ID range composition manufacturer shape callbr_atlon remarks
of set period to
655 1 kg 1 Sartorius OIML 3 years INM* *Traceable to Pt-Ir
National Prototype No.2
656 1kg 1 Sartorius OIML 3 years INM* (NPK) of Romania.
. Weights used as
134 1kg 1 Mettler OIML 3 years INM reference standards
weight used as reference
and also as check
Ni81 1 kg 1 Prolabo cylinder 3 years BIPM standard standard
(represents the second
after NPK as importance)
NA (500...50)g 5-2-1-0,5 Zwiebel disc 3 years INM both sets of weights used
as reference standards
NB (500...50)g 5-2-1-0,5 Zwiebel disc 3 years INM and calibrated parallel
B1 19 1 Kern OIML 3 years PTB weights used as




(G047443) reference standard
B2 1 1 Kern OIML 3 PTB
ars
(G047444) g ye
(1...500) g .
G047439 5-2-2-1 Kern OIML 2 years INM E1 weights
G047439 (1...20) kg 5-2-2-1 Kern OIML 3 years INM E1 weights
G047439 (1...500) mg 5-2-2-1 Kern OIML wire 2 years INM E; weights
(1...500) g ) 2 years E1 weights
90332784 5-2-2-1 Sartorius OIML INM
90332784 (1...5) kg 5-2-2-1 Sartorius OIML 3 years INM E1 weights
90332784 (1...500) mg 5-2-2-1 Sartorius OIML sheets 2 year INM E1 weights
) Special weights (micro
892 (0,1...0,5) mg 5-2-1 Qertling OIML sheets 3 years INM weights)
o . Special weights (micro
836 (0,1...0,5) mg 5-2-1 Oertling OIML sheets 3 years INM weights)
Measurements
S . weighing S no. of no. of weighing
range balance weighing design cycle no. of weighings repeatsle compositions
_ (according to OIML R 111 ch.C.3.2) Min 24 weighings®’
(100-500) mg UMX5 10-5-2-2-1-1 RTTR 0 preweighings 1 1
) (according to OIML R 111 ch.C.3.2) Min 24 weighings
(10-100) mg UMX5 10-5-2-2-1-1 RTTR 0 preweighings ! !
(1-10) mg UMX5 (according to OIML R 111 ch.C.3.2) RTTR Min 24 weighings 1 1

10-5-2-2-1-1

0 preweighings

'® Repeats are added if the measurement is proven or assumed to be wrong.
" For each equation, the standard is weighed 12 times and the unknown also 12 times to determine the mass difference (so, 6 cycles RTTR). No- pre-weighings.




(1-5) g UMX5 (according to OIML R 111 ch.C.3.2) RTTR
10-5-2-2-1-1 . N
Min 24 weighings
. 0 pre-weighings
(according to OIML R 111 ch.C.3.2)
10g AX206 10-5-2-2-1-1 RTTR
B (according to OIML R 111 ch.C.3.2) RTTR Min 24 weighings
(10 - 100)g AX206 10-5-2-2-1-1 0 pre-weighings
B (according to OIML R 111 ch.C.3.2) RTTR Min 24 weighings
(200 -1000) g AT1005 10-5-2-2-1-1 0 pre-weighings
(100 — 1000) g AT1006 10-10-5-5-2-2-1-1 RTTR Min 24 weighings
3 pre-weighings
(100 — 1000) g AT1006 10-5-5-2-2-1-1"° RTTR Min 24 weighings
3 pre-weighings
Min 24 weighings
— 21 10-5-2-2-1-1 aor (10-5-2-2_-1- *
1-10kg CC10000U-L 10-5-2-2-1-1 or (10-5-2-2-1-1) RTTR 3 pre-weighings
Min 24 weighings
20 kg 107 20-10-5-2-2-1-1 RTTR 0 preweighings

'8 Only 500 g and 100 g disks are used. No problem with excentric loading [18].



Weighing designs

10-5-2-2-1-1 weighing design

10-10-5-5-2-2-1-1 weighing design

-1

-1

-1

-1

10

10

10




10-5-5-2-2-1-1 weighing design

(10-5-2-2-1-1)* weighing design

10 5 2 2 1 1
T T T T R T
-1 1 1 1 1 0
-1 1 1 1 0 1
0 -1 1 1 1 0
0 -1 1 1 0 1
0 0 -1 1 -1 1
0 0 -1 1 -1 1
0 0 1 -1 -1 1
0 0 1 -1 -1 1
0 0 1 0 -1 -1
0 0 1 0 -1 -1
0 0 0 1 -1 -1
0 0 0 1 -1 -1

10 | 5 5 2 2 1 1
R |pbc| T T T |pbc| T
1 0 0 0 0 0 0
-1 1 1 0 0 0 0
-1 1 1 0 0 0 0
-1 1 0 1 1 1 0
-1 1 0 1 1 0 1
0 1 -1 0 0 0 0
0 1 -1 0 0 0 0
0 1 0 1] 1| 1 0
0 0 1 = T I I | 0
0 0 0 1 1] 1 1
0 0 0 1 1 -1 1
0 0 0 1 0 I |
0 0 0 0 1 I |
0 0 0 0 0 1 -1

Note: In all weighing designs, any weight T can be replaced with a check standard C.




Calculations

subject

method

mathematical base

Gauss Markov, Lagrange [4,23]

weight factors

yes, as described in [4,23]

software

Excel developed in-house; checked with Gauss Markov and by manual calculations .

boundaries

max. 14 equations and 3 repeats per weighing design
max. 8 different weights per weighing design

mass difference per weighing

from weighing cycle RTiTi+1Ri+1 ... difference are calculated with
Am; = (Ti+Tit1)/2 — (Ri + Riz1)/2 ...

mass difference per equation

average of above Am;

air buoyancy correction

calculated per weighing

handling of repeats in matrix

added as separate lines in matrix

handling of weighing compositions
resulting in multiple results for same
weight

- if a weighing equation is repeated several times and one of this repeat has a large standard deviation, this
inappropriate measurement is deleted.
- outliers are deleted if cause is clear (e.g. dust particle)

handling of decades in matrix

masses calculated per decade

true/conventional mass

conventional mass calculated; true mass determined from conventional mass

number of reference and/or check
weights per weighing design

1 reference and 1 check standard per weighing design, (excepting the weighing design 10-5-5-2-2-1-1 where we
have 2 check standards)

handling of auxiliary weights

As auxiliary weights are used disc weights.

identification and handling of
outliers

- during the determinations, is checked if the system is incoherent using the difference between results of
some equations. If this difference is greater than ~ 3 scale divisions, we repeat the respective




subject

method

measurements.
- comparing mass differences of equal comparisons done in different repeats, weighing designs or weighing
compositions. Discrepant weighings are deleted

type A evaluation

uncertainty of the weighing process (type A) as described in [4, 23]

standard deviation

standard deviation of the mean value, as described in [4, 23]

other uncertainty contributions

. uncertainty of reference weight

. uncertainty due to air buoyancy correction

. uncertainty for drift of reference weight

. uncertainty for center of gravity

. uncertainty due to balance eccentricity (when applicable)

. uncertainty due to the resolution of balance

. uncertainty associated to the determination of the scale interval/error of indication

~NOoO oA, WNE

quality assessment

- The internal consistency of the weighing results is calculated, according to [4, 23] ;

- Check standards are used;

- Comparing mass differences of equal comparisons done in different repeats, weighing designs or weighing
compositions

efficiency assessment

according to [11, 18] only for the weighing design 10-5-5-2-2-1-1




Annex A6: inventory document of LATU

Name institute LATU

Av. Italia 6201. Cp 11500.
Address Montevideo.

Uruguay.

Ing. Quim Joselaine Caceres, M.Sc. — Mrs. Sheila Preste and Mr. Gabriel Almeida
Contact person jcaceres@Ilatu.org.uy — spreste@Iatu.org.uy and galmeida@Iatu.org.uy
+598 26013724 // 1298

Instruments
range balance robot/ha_mdler manu- resolution typical max. aux_lllary remarks
details facturer st. dev. load weights
max. 4 weights on Also used with
1mg-5g CC6 pan Sartorius 0,0001 mg 0,0002 mg 69 no BIPM
manual combinations susceptmeter
max. 4 weights on only used for
100 mg — 100g CC100 pan Sartorius 0,001 mg 0,002 mg 100 g no 5_ 100
manual combinations g
max. 4 weights on onlv used for
1g-1000g AT1005 pan Mettler 0,01 mg 0,015 mg 100049 no 2036 ~1000
manual combinations
max. 4 weights on . stainless only used for
1000g-10000g CC10000S pan Sartorius 0,1 mg 0,22 mg 10 000 g steel discs 2 000 — 10 000
manual combinations



mailto:jcaceres@latu.org.uy
mailto:spreste@latu.org.uy
mailto:galmeida@latu.org.uy

range balance robot/handler manu- resolution typical max. auxiliary remarks
9 details facturer st. dev. load weights
max. 4 weights on stainless only used for
10000 g—-20000¢g CC20000 pan Sartorius 1mg 2 mg 20000 g steel discs go 000
manual combinations
Mass sets
iti i i traceable
set ID range composition of manufacturer shape callbr_atlon remarks
set period to
22597 1kg 1 INSCO cylinder 4 years BIPM both weights used as
18943 1kg 1 Hafner cylinder 4 years BIPM reference
OIML (wire from
5077 1mg-1000g 5-2-2-1 Mettler 1 mg to 500 mg) 2 years LATU
OIML (polygon 5077 work set, 5138 check
5138 | 1mg-1000g 5-2-2-1 Hafner from 1 mg to 2 years LATU set. O”: asceht ;g’;‘"brated
500 mg) '
13979 2 kg —20 kg 5-2-2-1 Sartorius OIML 2 years LATU
Measurements
range balance weighing design weighing no. of weighings no. of no. of we_lghlng
cycle repeats compositions
1-10 mg cce 10-5-2-2-1-1 RTTR 440 weighings 3 1
pre-weighings
10-100 mg ccé 10-5-2-2-1-1 RTTR 40 weighings 3 1
4 pre-weighings
100 — 1000 mg ccé 10-5-2-2-1-1 RTTR 40 weighings 3 1
4 pre-weighings




N . weighing - no. of no. of weighing
range balance weighing design cycle no. of weighings repeats compositions
1-10g CC100 10-5-2-2-1-1 RTTR 40 weighings 3 1
4 pre-weighings
10-100g CC100 10-5-2-2-1-1 RTTR 40 weighings 3 1
4 pre-weighings
100 - 1000 g AT1005 10-5-2-2-1-1 RTTR 24 weighings 3 1
4 pre-weighings
1-10kg CC10000S 10-5-2-2-1-1 RTTR 440 weighings 3 1
pre-weighings
RTTR 12 weighings
10 -20kg (10-5-2-2-1)-20 - 20 4 pre-weighings 3 1

C20000




Weighing designs

10-5-2-2-1-1 weighing design 10-5-2-2-1-1* weighing design
10 5 2 2 1 1 10 5 2 2 1 1
R T T T c | T T T T T R R
1 1 1 1 1 0 -1 1 1 1 1 0
1 1 1 1 0 1 -1 1 1 1 0 1
o | 1 1 1 1 0 -1 1 1 1 0

O |lo|]o|o|o|]o |o|o
O |o|]o|Oo |o |o

O |0 |o|]Oo|Oo |O |O

Reference standard = R+R
Check standard = R-R

1-1-1-1 weighing design (1kg)

1 1 1 1
(10-5-2-2-1)-20 — 20 weighing design
R R T T 1 1 1
e ! 0 0 RS | C T
-1 0 1 0 1 1 0
-1 0 0 1 1 0 1
0 -1 1 0 R P 1
0 -1 0 1
0 0 -1 1




10-5-2-2-1-1 weighing design

10 5 2 2 1 1
T T T T T R
-1 1 1 1 1 0
-1 1 1 1 0 1
0 -1 1 1 1 0
0 -1 1 1 0 1
0 0 -1 1 -1 1
0 0 1 -1 -1 1
0 0 -1 1 0 0
0 0 -1 0 1 1
0 0 0 -1 1 1
0 0 0 0 -1 1




Calculations

subject method
Ordinary LMS
mathematical base Lagrange weighted method

Gauss-Markov [4,24]

weight factors yes

Labwiz for LMS (developed by NIST)

software Excel for the other two methods

max. 10 equations and 3 repeats per weighing design

boundaries max. 6 different weights per weighing design
from weighing cycle R1T1 T2R2 mass difference are calculated with
mass difference per weighing Am; = (T +T2)/2— (Ri + R2)/2
mass difference per equation average of above Am;
air buoyancy correction Average for the series
handling of repeats in matrix Average value in one line

handling of weighing compositions
resulting in multiple results for same | ---

weight

handling of decades in matrix masses calculated per decade

true/conventional mass true mass determined, conventional mass calculated from true mass
number of reference and/or check 2 references in total, but 1 reference per weighing design

weights per weighing design 1 check per weighing design

handling of auxiliary weights Auxiliary weights only used as tare

identification and handling of

outliers Not yet defined, in case of weighted methods those individuals weightings has a minor weighting factor




subject

method

type A evaluation

as described in [2]

standard deviation

ordinary standard deviation (not standard deviation of mean)

other uncertainty contributions

1. uncertainty of reference weight

2. uncertainty due to air buoyancy correction
(volume of reference weight, unknown weight and air density as 3 separate contributions, maximum
correlation assumed).

3. uncertainty due to reproducibility

4. uncertainty due to resolution of balance

quality assessment

comparing mass of check standard with the last 10-15 historical values to a t test.
F-test of standard deviation of the weighed least squares fit

efficiency assessment

not yet




Annex A7: inventory document of METAS

METAS

Lindenweg 50
3084 Bern-Wabern
Switzerland

Dr. Christian Wiithrich
christian.wuethrich@metas.ch
+41 58 387 04 23

Name institute

Address

Contact person

Instruments
range balance robot/handler details manu- resolution typical max. auxiliary weights remarks
facturer st. dev. load
A5 robot
36 positions
1mg-5g UMT5 max. 3 weights on pan Mettler 0,0001 mg 0,0002 mg 69 no
automatic combinations
Measurement
Internal
weights, and disc under constant
10g-100g AT106 4 place turntable Mettler 0,001 mg 0,0015 mg 100 g wei h’ts from pressure
13 _50 between 930
9-599 and 960 mbar™®
Measurement
Disc weights from under constant
100 g—-1000g | M_One 4 place turntable Mettler 0,0001 mg 0,0003mg | 100049 1004 - 500 pressure
9 9 between 930
and 960 mbar
Measurement
Internal
weights, and disc under constant
1kg—-10kg AT10005 4 place turntable Mettler 0,01 mg 0,022 mg 10 kg Wei hts’from 1k pressure
9 5K 9 between 930
9 and 960 mbar

!9 The lab is at 540 m above sea level and the average pressure in the lab is 950 hPa.




. manu- . typical max. . .
range balance robot/handler details facturer resolution st. dev. load auxiliary weights remarks
64 kg AX64004 4 place turntable Mettler 0.1 mg 0.4 mg 64 kg no
Mass sets
composition of calibration traceable
set ID range set manufacturer shape period to remarks

38 1kg 1 BIPM cylinder 20 years BIPM Ptlr prototype
14 1mg-20 kg 5-2-2-1 Mettler OIML 3 years BIPM & METAS 1 kg used as references,
15 1 mg - 20 kg 5-2-2-1 Mettler OIML 3year BIPM & METAS but also in a set
336 1 mg-1Kkg 5-2-2-1 Mettler OIML 3 year METAS
239 19g-50g 5-2-2-1 Mettler OIML 3 year METAS Sets are Comp|ementary
4 100 g -1 kg 5-2-2-1 Mettler OIML 3 years METAS and used together




Measurements
We calculate the masses of two sets (e.g. set ID 14 and set ID 15) simultaneously using check standards and discs to increase the redundancy. In this way, the
system is verified and the accuracy is increased.

range balance weighing design weighing no. of weighings no. of no. of we_|gh|ng
cycle repeats compositions
_ 100g-1kg: 4 pre-weighing,
1009 -1kg M_One 1-1-1-500-500-200-200-200-200-100-100 RTTR 160 weighings%0 1 1
l1g-5g¢: 4 pre-weighing,
5-5-2-2-2-2-1-1 160 weighings
100mg-1g:
1-500-500-200-200-200-200-100-100
1mg-5g A5 10 mg — 100 m: RTTR 1 1
100-50-50-20-20-20-20-10-10
1 mg - 10 mg:
10-5-5-2-2-2-2-1-1
10 g — 100g AT106 100-100-50-50-20-20-20-20-10-10-5-5 RTTR 4 pre-weighing, 1 1
160 weighings
200 g — 1 kg M_One 1-1-1-500-500-200-200-200-200-100-100 RTTR 4 pre-weighing, 1 1
160 weighings
2 - 10kg AT10005 1-1-2-2-2-2-2-2-2-5-5-5-5-10-10-10-10 RTTR 4 pre-weighing, 1 1
160 weighings
10 kg — 20 kg AX64004 | 10-10-20-20-20-20-20-20-20-50-50-50-50 RTTR 4 pre-weighing, 1 1
160 weighings

? The RTTR cycle is repeated 40 times which equals 160 weighings, before that 2 RTTR cycles (= 8 weighings) are performed as pre-weighing




Weighing designs

weighing design: 5-5-2-2-2-2-1-1

A5:rangelg-5g¢g

weighing design: 1-500-500-200-200-200-200-100-100

| |
I A O

A5:range100mg-1g

N.B. The different sets, disc and check weights are indicated by different colors.



weighing design: 100-50-50-20-20-20-20-10-10

A5: range 10 mg — 100 mg

weighing design: 10-5-5-2-2-2-2-1-1

A5: range 1 mg — 10 mg




weighing design: 100-100-50-50-20-20-20-20-10-10-5-5

AT106: 10g —100g

100g | 50g | 20g* | 20g | 10g




M_one: range 100 g — 1 kg weighing design: 1-1-1-500-500-200-200-200-200-100-100

1kg FUEL 12008][200g] 1kg | 500g | 200g* | 200g | 100g
R M o o |p |o b
101 jo Jo Jo o Jo Jo Jo Jo Jo
1 |o o Jo Jo J1 Jo Jo Jo Jo
o |1 ]1 Jo Jo Jo Jo [ Jo Jo Jo
o jlo |1 Jo Jo o Jo [ Jo Jo Jo
o Jo |1 Jo |1 1 Jo Jo Jo |1 Jo
o jlo [ |1 Jo Jo Jo Jo 1 Jo |1
o Jlo jo |1 |12 Jo Jo Jo Jo Jo Jo
o jlo o Jo |12 o Jo Jo Jo |1 Jo
oo o Jo |12 o Jo Jo |1 Jo Jo
o Jlo Jo Jo |1 1 Jo Jo Jo Jo |1
oo o |1 Jo 1 Jo Jo Jo Jo |1
0o Jlo Jo Jo Jo |1 Jo Jo Jo Jo |1

N.B. The loading arrangement depends from situation to situation, but a self-centering system is used so excentric loading is not an issue.



*
2o
o
—
L

o|lo|©

T =

o

-

o

N

o

NN

L

L

L0

Lo

o

Qq

N

A/__o._urb

| =X

)

A/___.3

AR-{NS)

<

—

c

2

]

(]

°

o

£

=

R=y

(0]

W 7

3

~

o

—

_ 7

o

~

-

(0]

o

c

©

o

F.N.V. 7

o

8

[=T4]

M <

<

0




weighing design: 10-10-20-20-20-20-20-20-20-50-50-50-50

AX64004: range 10 kg — 20 kg

20kg* | 20kg** | 20kg*** | 20kg**** | 20kg*****




Calculations

subject

method

mathematical base

Lagrange [4]

weight factors

yes, as described in [4]

software

Scilab program developed at METAS for the range 1 mg to 50 Kkg.

boundaries

Reference mass to be at first position in the mass vector.

mass difference per weighing

from weighing cycle R1T1T2R2R3T3T4R4 ... T,.1 T, mass difference are calculated with
AM; =[(Ti + Tis1) — (Ri + Ris1)}/2

mass difference per equation

average of above Am;

air buoyancy correction

calculated per weighing

handling of repeats in matrix

The results of the 40 RTTR cycles are averaged and there is only one line in the matrix

handling of weighing compositions
resulting in multiple results for same
weight

outliers are deleted

handling of decades in matrix

One or less decades

true/conventional mass

true mass determined, conventional mass calculated from true mass

number of reference and/or check
weights per weighing design

One reference is used per weighing design.

handling of auxiliary weights

mass difference of pads determined before measurement and checked afterwards
mass difference per equation is corrected for mass difference of pads, extra uncertainty assigned to those equations

identification and handling of
outliers

Results beyond the ordinary standard deviation are critically analyzed; in case of doubt measurements are repeated.
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subject

method

type A evaluation

as described in [4]

standard deviation

ordinary standard deviation (not standard deviation of mean)

other uncertainty contributions

1. uncertainty of reference weight

2. uncertainty due to air buoyancy correction
(volume of reference weight, unknown weight and air density as 3 separate contributions, maximum
correlation assumed)

3. uncertainty for drift of reference weight

(usually 0 as references for most decades are calibrated at the same time)

. uncertainty for convection

. uncertainty for center of gravity

. (where applicable) uncertainty for pads

. uncertainty due to reproduciblity (see ‘handling of multiple weights’)

. uncertainty due to resolution of balance

. other uncertainty due to balance (eccentricity, linearity) are negligible

O©oo~NO O A

quality assessment

comparing mass differences of equal comparisons done in different repeats, weighing designs or weighing
compositions

efficiency assessment

not yet
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Annex A8: inventory document of MIKES

MIKES

Tekniikantie 1
02150 Espoo
Finland

Name institute

Address

Kari Riski — Maija Ojanen-Saloranta
kari.riski@mikes.fi — Maija.Ojanen-Saloranta@uvtt.fi
+358-10-6054429

Contact person

Instruments
range balance robot/handler details manu- resolution typical max. aux_lllary remarks
facturer st. dev. load weights
robot Mettler+ used in
1g-5g UMT5 10 positions 0,0001 mg 0,0008 mg 59 no subdivision
MIKES
for1-5g
used in
Img-1g CC6 Manual weighing Satorius 0,0001 mg 0,0002 mg 69 no subdivision for
iImg-1g
rotating weight handler 4
59-20g AT21 positions Mettler 0,001 mg 0,002 mg 20 g no used for 20 g
1 weight / position ' ’
rotating weight handler used in direct
_ 4 positions comparison of
100 g-1000g AX1006 1 weight or several piled Mettler 0,001 mg 0,0008 mg 1000 g no 100 g - 1kg
weights/position weights
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range balance robot/handler details manu- resolution typical max. aux_lllary remarks
facturer st. dev. load weights
rotating Welght handler used in direct
HK1000 . 4 positions . comparison of
100 g—-1000g MC 1 weight or several piled Mettler 0,001 mg 0,002 mg 1000 g no 100 d - 1k
weights/position g 9
weights
vacuum chamber
rotating weight handler
4 positions .
10g-200g | G 1 base plate and a Sartorius | 0,001mg | 00015mg | 1000g | 100 g* Su‘fd?\‘jis'?on
combination of weights /
position
rotating weight handler
_ CcC 4 positions . only 2 positions
5kg-20kg 20000S 1 weight or several 1 kg or Sartorius 0.1 mg 0,08 mg 20 kg no used
5 kg weights/position
rotating weight handler
C2000S 4 positions Sartorius only 2 positions
2kg 2 kg weight or 2x1 kg MIKES 0,01 mg 0,07mg 2kg no used
weights/position

! The mass of the base plates is determined by calibration. Their mass is eliminated by carrying out two weighings with the base plates switched.
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Mass sets

set ID range compzzittion of manufacturer shape Cagsrriecl)t(ijon tractiable remarks
23 1 kg 1x1kg BIPM cylinder 10 years BIPM Pt-Ir kilogram
P16 1lkg 2x1kg Hafner cylinder 5 years MIKES direct comparison
P9-1 1kg 2x1kg Mettler OIML 5 years MIKES with Pt-Ir kg
P9-2 1kg 8x1kg Mettler OIML 5 years MIKES 1 kg working standards
P10 1 kg 10x1kg MIKES cylinder 3 years MIKES multiplication
P27 1 kg 2x1kg Hafner cylinder 3 years MIKES multiplication
P12 2kg-20kg 2-2-5-10-20kg Mettler OIML 3 years MIKES working standard
P24,P16 5009 4x5009 Hafner cylinder 2 years MIKES subdivision
P23,P26 100g 5x100g Hafner disk 2 years MIKES subdivision
pP18,P25 1g-500¢g 5-2-2-1 Mettler OIML 5 year MIKES working standard
P8 1mg-50g 5-2-2-1 Mettler OIML 3 years MIKES working standard
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Measurements

range balance weighing design Wii)?g;ng no. of weighings22 rggégtfs né)c.)nafpgseiit‘cilgi]nsg
1-500 mg CC6 (10-10)-5-5-2-2-2-1 RTR 27 weighings 1 1
159 CCE®6 5-5-2-2-2-1 RTR 27 weighings 1 1
10-50g¢g CC1000 100-100-50-50-20-20-20-10 RTTR 36 weighings 1 1
1000 g HA*;lfé’é’ga 1000 RTTR 36 weighings 6-15 1
500 g AX1006 1000-500 RTTR 24 weighings 3 1
100 g AX1006 500-100 RTTR 24 weighings 3 1
2 kg C2000 2kg (Ref: 2x1 kg) RTR 18 weighings 5 1
5-20kg CC20000S 5,10,20kg (Ref: nx1 kg) RTTR 36 weighings 6 1

22 pre-weighings are typically performed, but their reading is not recorded.
8 Sometimes preferred above AX1006 because there is a somewhat better temperature and relative humidity measurement facility for the HK1000.
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Weighing designs

T (1%

T

T (2%

T@

T(0)

T (10)

T (20%)

T (20)

T (50)

T (100)

T (200%)

T (200)

T (500)

R* (1000)

19g-1000g

R (1000)
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500

500

500

-1

500

-1

-1

1000

1000

1000g-500g weighing design

1000

1000

1000

1000

1000

1000g weighing design
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1mg-50g weighing design
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Calculations

subject

method

mathematical base

[25], [26]

weight factors

yes, see [25]

software

Matlab, Visual Basic

boundaries

mass difference per weighing

for RTR weighing cycle R1T1R2T2R3T3R4 ... mass difference is calculated with
AMi=Ti— (Ri+ Rix1)/2 fori=1,2,3, ...

for RTTR weighing cycle RiTiT2Rz... mass difference is calculated with

Ami = ((Ti+ Tisr) — (Ri + Ris1))/2 fori=1,3,5, ...

mass difference per equation

average of Am;

air buoyancy correction

Usually the air density is measured at 2-5 min intervals. Average air density during 6 RTTR (9 RTR ) weighing is
calculated. Air buoyancy correction is applied to the average of these 6 (9) measurements. In one comparator the air
density is collected synchronously with each weighing.

handling of repeats in matrix

If there are repeats, they are averaged before putting them into the matrix

handling of weighing compositions
resulting in multiple results for same
weight

clearly outlying results are deleted or repeated

average mass of one series of measurements is calculated

if there are several series their average is calculated

for several series standard deviation of averages is added as to uncertainty
for a single series standard deviation of the mean is added to the uncertainty
the results are treated as ‘not correlated’

handling of decades in matrix

masses calculated per decade

true/conventional mass

true mass determined, conventional mass calculated from true mass
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subject

method

number of reference and/or check
weights per weighing design

usually 2 reference weights (for 1 kg weights 1 Ptir kg reference). Calculation of unknown masses is done
separately for each reference weight.
one check weight per subdivision weighing design. (e.g. 1 g, 1 mg)

handling of auxiliary weights

unknown mass difference of additional disc weights is eliminated by exchanging the positions of reference weight
and test weights
both mass differences are corrected for air buoyancy, standard deviations of the two measurements are combined

identification and handling of
outliers

Single value from the mass comparator which increase standard deviation significantly (e.g. 50 %) can be deleted. If
the average value of a series of measurements (e.g. 6 RTTR) deviates significantly from averages of other series
the series can be deleted. If only one faulty series measurement exists the measurements must be repeated. Often
the outliers are found from the residual of matrix evaluation.

type A evaluation

as described in [25] and [26]

standard deviation

in case of several series on measurements the normal standard deviation (of averages) is used
for a single series of measurements the standard deviation of the mean is used

other uncertainty contributions

1. uncertainty of reference weight(s), strong correlation assumed
2. uncertainty due to air buoyancy correction
(volume of reference weight, volume of test weight, uncertainty of air density, volumes are assumed to be
correlated)
3. uncertainty of the drift of reference weights
(usually small because the whole chain is calibrated at the same time)
4. uncertainty for center of gravity and the gravity gradient
5. uncertainty due to reproducibility
6. uncertainty due to repeatability
7. uncertainty due to resolution and adjustment of the mass comparator
8. other uncertainty due to mass comparator (eccentricity, linearity, weight handler asymmetry)

quality assessment

-Check standards are used. They are of equal quality as test weights. They must have a valid calibration and are
traceable to MIKES

-Reference weights are if possible from different realization

-Residuals are analyzed, maximum limits have been defined

-F-tests are applied occasionally

-Results are compared with previous calibrations

-Magnetic properties are checked for new weights [1]

-Volumes of weights 1 g — 1 kg are determined by hydrostatic weighing

-etc
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subject

method

efficiency assessment

not studied

Page 75 of 143




Annex A9: inventory document of MIRS

Name institute

Metrology Institute of the Republic of Slovenia (MIRS)

Address

Tkalska ulica 15
S1 3000 Celje

Slovenia

Contact person

Mr. Matej Grum

matej.grum@gov.si

+386 1 244 27 06

Instruments
range balance robot/handler details manu- resolution typlcaI24 max. aux_lllary remarks
facturer st. dev. load weights
robot made by MIRS
60 positions .
1mg-5g CC6 max. 3 weights on pan Sartorius 0,0001 mg 0,0002 mg 69 no
manual combinations
rotating weight handler
4 positions Mettler- 25
10g-100g AX107H max. 3 weights on pan Toledo 0,0001 mg 0,0006 mg 100 g no
manual combinations

# Typical standard deviation is given and not standard deviation of the mean.
%% Except comparison of 10 g with two 5 g, where we need to use one 5 g in disc form.
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range balance robot/handler details manu- resolution typlcaI24 max. aux_lllary remarks
facturer st. dev. load weights
rotating weight handler
4 positions . 26 27
100 g-1000g CC1000S-L max. 4 weight on pan Sartorius 0,001 mg 0,0010 mg 1000g | yes
manual combinations
rotating weight handler
2 positions . 28 29
2 kg-10kg CC10000s max. 3 weight on pan Sartorius 0,1 mg 0,10 mg 10 kg yes
manual combinations
Mass sets
iti i i traceable
set ID range composition of manufacturer shape callbr_atlon remarks
set period to
LM-040 1kg 1 Héafner OIML with knob 2 years DFM or PTB
N . the last calibrated weight is
LM-042 1kg 1 Héafner OIML with knob 2 years DFM or PTB used as a current reference
LM-043 1kg 1 Héafner OIML with knob 2 years DFM or PTB
OIML with knob
LM-005 1 mg—-10 kg 5-2-1 Sartorius (2 mg — 500 mg 2 years MIRS
polygonal) both sets calibrated in
OIML with knob parallel
LM-006 1 mg- 10 kg 5-2-1 Mettler-Toledo (1 mg — 500 mg 2 years MIRS
wire)

% standard deviation of the mean values of several repeats (not standard deviation of the mean) can be larger (e.g. 0,005 mg)
%7 Stainless steel discs (100 g and 2 x 200 g) or two aluminium pads

%8 Standard deviation of the mean values of several repeats (not standard deviation of the mean) can be larger (e.g. 0,15 mg)
% stainless steel disc (1 kg) and two aluminium pads (only for comparison 5 kg with 2 x 2kg + 1 kg)
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Measurements

weighing no. of no. of weighing

range balance weighing design cycle no. of weighings repeats compositions

24 weighings
1-10 mg CC6 10-10-5-5-2-2-1-1 RTTR (6 RTTR cycles) 2 1
0 pre-weighings

24 weighings
10-100 mg CC6 10-10-5-5-2-2-1-1 RTTR (6 RTTR cycles) 2 1
0 pre-weighings

24 weighings
100 — 1000 mg CC6 10-10-5-5-2-2-1-1 RTTR (6 RTTR cycles) 2 1
0 pre-weighings

24 weighings
1-5g¢ CC6 5-5-5-2-2-1-1 RTTR (6 RTTR cycles) 2 1
0 pre-weighings

24 weighings
5-10g AX107H 10-10-5-5-5 RTTR (6 RTTR cycles) 2% 2%
0 pre-weighings

24 weighings
10-100g AX107H 10-10-10-5-5-2-2-1-1 RTTR (6 RTTR cycles) 2 2
0 pre-weighings

24 weighings
(6 RTTR cycles)
6 pre-weighings
(3 RTTR cycles)
used for the
centring of weights

100 - 1000 g CC1000S-L 10-10-5-5-2-2-2-2-1-1-1 RTTR

* 6 RTTR cycles are repeated twice consecutively without any replacement of the weight from the handler in order to obtain two mean values. The same is valid for all decades on AX107H,
CC1000S-L and CC10000S.

% After 2 x 6 RTTR cycles of observed comparison of weights other combinations are compared. This is repeated twice. The same is valid for all decades on AX107H, CC1000S-L and
CC10000S.
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1000 g

CC1000S-L

1-1-1-1

RTTR

24 weighings
(6 RTTR cycles)
6 pre-weighings
(3 RTTR cycles)
used for the
centring of weights

1-10kg

CC10000S

10-10-5-5-2-2-1-1

RTTR

24 weighings
(6 RTTR cycles)
6 pre-weighings
(3 RTTR cycles)
used for the
centring of weights
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Weighing designs

10-10-5-5-2-2-1-1 weighing design

(Used for calibration of two 10-5-2-1 sets, except for calibration on CC1000S-L

10 10 5 5 2 2 1 1

R T T T T T T T
1 -1 0 0 0 0 0 0
1 0 -1 -1 0 0 0 0
0 1 -1 -1 0 0 0 0
0 0 1 -1 0 0 0 0
0 0 1 0 -1 -1 -1 0
0 0 0 1 -1 -1 0 -1
0 0 0 0 1 -1 0 0
0 0 0 0 1 0 -1 -1
0 0 0 0 0 1 -1 -1
0 0 0 0 0 0 1 -1
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10-10-5-5-2-2-2-2-1-1-1 weighing design

D/C

D/C

D/C

10

10

(used for calibraton of two 10-5-2-1 sets only on CC1000S-L)
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Calculations

subject

method

mathematical base

Lagrange [15, 27]

weight factors

Weight factors w; are estimated by:

W;i Z(O'o/si)z’

where s; is estimate of the standard deviation of the mean value of y; :

where:
S, - standard deviation of n RTTR measurement cycles,

sn2 - average variance of m series of measurement with n RTTR measurement cycles,
S - standard deviation of the mean values of m series of measurement,
N; - number of RTTR cycles performed at particular calibration

and o is normalisation factor and defined by:

n
1
ot =n2 5

i-1 Sj

software

self developed calculation in MS Excel

boundaries

No boundaries related to software

mass difference per weighing

weighing cycle RTTR
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subject

method

Am; = ((Tl —R1)+ (Rz - T2))/2

mass difference per
equation/comparison

average of above Am; (usually of 6 RTTR cycles)

air buoyancy correction

calculated per comparison

handling of repeats in matrix

as average value in one line

handling of weighing compositions
resulting in multiple results for same
weight

Multiple results for the same weight are calculated as average value in one line (see the line above). We do not use
matrices with different weighing compositions but we repeat the same combinations after unloading and weighing
other combinations in between.

Multiple results for the same weight also influence the variability which is taken into account for uncertainty
estimation.

handling of decades in matrix

masses calculated per decade

true/conventional mass

true mass determined, conventional mass calculated from true mass

number of reference and/or check
weights per weighing design

1 reference in total, 1 reference per weighing design
2-3 check weights

handling of auxiliary weights

The influence of unknown masses of the pads on the weighing difference is eliminated by a repetition of the
measurement series with an exchanged position of the plates while the positions of the weights remain unchanged.
When the discs are used they are treated as test weights.

identification and handling of
outliers

Estimated residuals are compared to belonging standard deviations. If the residuals are larger to standard
deviations, the measured differences are then obviously subject to systematic errors or faults in the measurements
or model. This tool is used in order to delete an outlier. Before deleting outlier the comparison in question is usually
repeated once more.

type A evaluation

based on [5]

standard deviation

The standard deviation is estimated both on the basis of residuals resulting from the least square method and the
pooled standard deviation of the comparator.
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subject method
1. uncertainty of reference weight
2. uncertainty for drift of reference weight (only for 1 kg)
3. uncertainty for center of gravity
4. uncertainty of air buoyancy (taking into account uncertainty of volumes of weights and uncertainty of air

other uncertainty contributions

density)

The following uncertainty contributions are not taken into account due to their negligible influence:
- volumes of the pads (if they are used),

- thermal volume expansion of the weights,

- scale factor of the comparators,

- resolution of the comparators,

quality assessment

- convection
Check standards
m,., —m
t, = [ ] <tyen(@/2=0025f)=2
u

where tqit is the critical value of t-distribution with f degrees of freedom, « is the significance level for two-sided t-test,

u is the standard uncertainty of the check standard, mn.1 mass of the check standard at its last calibration, m is
accepted value of the check standard based on its previous n measurement

Another test using check standards is applied as follows:

B |mold _mneW| >t2,crit(a/2 =0,025f =n +(n+1)—2)

N S oy )

mMy,q is calculated from previous n measurement results whereas m,,,, is calculated including all n+1 results. Soq

and spew are standard deviations of differences between accepted values and measured values of check standard
for previous n data and current n+1 data, respectively.

The system is considered to be out of control if an excessive number of values are presented outside established
limits and unusual trends are observed.
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subject

method

Precision of the observed weighing results

Estimated residuals & = Y — Y are compared to belonging standard deviations s;. If the residuals éi are larger to

standard deviations s;, the vector of measured differences Y is then obviously subject to systematic errors or
faults in the measurements or model.

For each decade, the standard deviation of the weighed least squares fit s.s is calculated and compared to the
normalisation factor oo which is based on accepted standard deviation of used balance(s) using F-test statistics.

1 ~a
sfs = Zeiz
n-k =

2
Sis
F == <Feula=005f,f,)<2
Oo
where Fit is the critical value of F-distribution with f; degrees of freedom do numerator and f, for denominator and o
is the significance level for F-test: If F > F;, the test indicates either a systematic error or a degradation of the

balance(s).

Another estimate of internal consistency is the ratio of the group standard deviation S and the normalisation factor
0y - Inideal case s/o, =1 is valid. Values of s/, >12 point to some inconsistencies of the observed weighing

result, whereas values of S/U0 > 15 point to coarse mistakes.

efficiency assessment

not yet implemented
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Annex Al10: inventory document of MKEH

Name institute

MKEH

Address

1114 Budapest, Németvélgyi ut 37-39., Hungary

Contact person

Miss. Csilla VAmossy
vamossycs@mkeh.hu
+36-1-458-5947

Instruments
range balance robot/handler details manu- resolution typical max. aux_lllary remarks
facturer st. dev. load weights
1mg-5¢g XP6U Manual in case Mettler 0,0001 mg 0,0002 mg 69 no
Automatic Balance,
10g-100g AT106 4 positions, manual Mettler 0,001 mg 0,003 mg 100 g no
combinations
rotating weight handler
100 g — 1000 g C1000S 4 positions Sartorius 0,002 mg 0,004 mg 1000 g no
rotating weight handler
1kg—-10kg AT10005 4 positions Mettler 0,01 mg 0,04 mg 10 kg no
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range balance robot/handler details fan;:atltr;?e-r resolution ;)t/.p(ij((:e?/l. T;Z)é' w;git?trg remarks
cc rotating weight handler .
20 kg 20000S-L 4 positions Sartorius 0,1 mg 0,2 mg 20 kg no
Mass sets
set ID range compgzittion of manufacturer shape ca;)i(la)rriz(a)t(ijon traceable remarks
No 16. 1kg 1 BIPM cylinder 10 years BIPM National Pt-Ir prototype
HF4 1 kg 1 Adolf Hafner OIML 5 year Ptiri6
HF3 1kg 1 Adolf Hafner OIML 5 year Ptirl6
SD1 100 g-500 g 5-2-2-1-1 Sartorius AG. cylinder 2 year MKEH
HF1 1mg-1Kkg 5-2-1-1 Adolf Hafner OIML sheets 3 year MKEH
HF2 1mg-1kg 5-2-2-1 Adolf Hafner OIML sheets 1 year MKEH
HFT1 1 kg -5 kg 5-2-2-1-1 Adolf Hafner disc 2 year MKEH
HF10K-1 10 kg 1 Adolf Hafner OIML 2 year MKEH
HF10K-2 10 kg 1 Adolf Hafner OIML 2 year MKEH
HF20K-1 20 kg 1 Adolf Hafner OIML 2 year MKEH
HF20K-2 20 kg 1 Adolf Hafner OIML 2 year MKEH
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Measurements

o . weighing Lo 32 no. of no. of weighing
range balance weighing design cycle no. of weighings repeats compositions

1-10 mg XP6U 10-5-2-2-1-1 RTR 21 weighings 1 1
3 pre-weighings

10-100 mg XP6U 10-5-2-2-1-1 RTR 21 weighings 1 1
3 pre-weighings

100 — 1000 mg XP6U 10-5-2-2-1-1 RTR 21 weighings 1 1
3 pre-weighings

1-5¢g XP6U 5-2-2-1-1 RTR 21 weighings 1 1
3 pre-weighings

5-109 AT106 10-5-2-2-1-1 RTR 21 weighings 1 1
3 pre-weighings

21 weighings

10-100 g AT106 10-5-2-2-1-1 RTR . 1 1
3 pre-weighings

100 - 1000 g C1000S 10-5-2-2-1-1 RTR 21 weighings 1 1
3 pre-weighings

21 weighings

1-10kg AT10005 10-5-2-2-1-1 RTR L 1 1
3 pre-weighings

10 — 20 kg CC20000S-L 10-10-20% RTR 21 weighings 1 1
3 pre-weighings

%10 RTR cycles, which means 21 weighings (= placing a weight on a scale)
* Direct comparison of 20 kg against two 10 kg weights, not included in the next section
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Weighing designs

T/C

1*

T/C

2*

10
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Calculations

subject

method

mathematical base

Gauss-Markoff [27]

weight factors

yes, as described in [4]

software

developed in-house, checked with [27] according to 7.4.

boundaries

max. 10 equations and 10 repeats per weighing design
max. 6 different weights per weighing design

mass difference per weighing

from weighing cycle R1T1R2T2R3T3R4 ... Ta-1Th mass difference are calculated with
AMi=Ti— (Ri+ Rix1)/2 for1=1,3,5,7, ...
Ami = (Ti+ Tiw1)/2 = Risp for1=2,4,6,8, ...

mass difference per equation

average of above Am;

air buoyancy correction

calculated per weighing

handling of weighing compositions
resulting in multiple results for same
weight

outliers are deleted if cause is clear (e.g. dust particle)

average mass is calculated

ordinary standard deviation is added as to uncertainty (reproducibility)
at present the results are treated as ‘not correlated’

handling of decades in matrix

masses calculated per decade

true/conventional mass

true mass determined, conventional mass calculated from true mass

number of reference and/or check
weights per weighing design

1 references in total, but 1 reference per weighing design
no special check weights

type A evaluation

as described in [27]

standard deviation

ordinary standard deviation (not standard deviation of mean)
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subject

method

other uncertainty contributions

1. uncertainty of reference weight

2. uncertainty due to air buoyancy correction
(volume of reference weight, unknown weight and air density as 3 separate contributions, maximum
correlation assumed)

3. uncertainty for center of gravity

4. uncertainty due to reproduciblity

5. uncertainty due to resolution of balance

6. other uncertainty due to balance (eccentricity, linearity) are negligible

quality assessment

According to [1] Annex D, we check standards and the precision of the balances.

efficiency assessment

not yet
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Annex All: inventory document of NMC, A*STAR

Name institute National Metrology Centre (NMC), A*STAR

1 Science Park Drive
Singapore 118221

Mr. Lee Shih Mean
lee_shih_mean@nmc.a-star.edu.sg
065-6279 1960

Address

Contact person

Instruments
range balance robot/handler details fmanu- resolution typical max. load aux_|||ary remarks
acturer st. dev. weights
1mg-5¢g ab a5 Robot Mettler- 0.0001 mg 0.0004 mg 519 no -
36 positions Toledo &
max. 3 weights on pan Metrotec
automatic combinations
109-100g aloo al100 Robot Mettler- 0.001 mg 0,0013 mg 111 g no -
20 positions Toledo &
max. 3 weights on pan Metrotec
automatic combinations
100 g—-1000g AT1006 rotating weight handler Mettler- 0.001 mg 0.002 mg 1011 g 3 specially made
4 positions Toledo disks** for
max. 4 weights on pan equations
manual combinations with involving more
disc weights than 2 weights

Page 92 of 143

% Disk weights are made of the same material as the standard weights, and are used as a transfer standard only in the dissemination process




range balance robot/handler details manu- resolution typical max. load aux_lllary remarks
facturer st. dev. weights
2 kg-10kg AT10005 | rotating weight handler Mettler- 0.01 mg 0.002 mg 10011 g 6 see remark for
4 positions Toledo AT1006
max. 4 weights on pan
manual combinations with
disc weights
20 kg AT20005 | rotating weight handler Mettler- 0.01 mg 0.04 mg 20011 kg 2 see remark for
2 positions Toledo AT1006
max. 2 weights on pan
manual combinations with
disc weights
Mass sets
iti i i traceable
Set ID range composition of manufacturer shape callbr_atlon remarks
set period to
83 1lkg 1 BIPM Cylinder 3-5year BIPM -
23786 1mg-1kg 5-2-2-1 Mettler-Toledo OIML 1-3year NMC -
23786 1kg-20kg 5-2-2-1 Mettler-Toledo OIML 1-3year NMC -
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Measurements

range balance weighing design weighing no. of weighings no. of no. of We_lghlng
cycle repeats compositions
11 weighings®
1mg-5mg a5 5-5-2-2-1-1 RTR 11 preaneighings 2 9
5 mg — 50 mg a5 5-5-2-2-1-1 RTR 111;‘2’_5\’,\'/96?;;%?93 2 9
11 weighings
50 mg — 500 mg a5 5-5-2-2-1-1 RTR 11 pro-weighings 2 9
500 mg -5 g a5 5-5.2-2-1-1 RTR 111;‘(;“_?,\'/%?;]?:95 2 9
5g a100 5-5-5 RTR 11 weighings 2 3
11 pre-weighings
59-50g a100 5-5-2-2-1-1 RTR 11%&3%%?1?%5 2 9
100 g a100 1-11 RTR 11 weighings 2 3
11 pre-weighings
100 g AT1006 1-1-1 RTR 111plyr\é\l-3\l/ge?é?1?nsgs 2 3
200 g AT1006 2-2-2 RTR " 11 weighings 2 6
pre-weighings
100 g—500 g AT1006 5-2-2-1-1 RTR 111;‘2’_3'/98?&2%?93 2 8

% Cycle RTRTRTRTRTR is used from which 5 mass differences are calculated.

Page 94 of 143




500 g — 1 kg AT1006 1-1-1-1% RTR " Sévvvvi'%m%fs 6
1kg -5 kg AT10005 5-2-2-1-1-1 RTR 11%&3&%?&2%5 10
2 kg AT10005 1-1-1% RTR " plrt_"\:’veei%wir:]%ss 3
5 kg AT10005 1-1-1 RTR llls)-r\(lav-?/\i/ge?gi]ﬂ?:gs 3
10 kg AT10005 1-1-1% RTR 111;‘2’_5\’,:/%?;?]%?95 3
10 kg AT10005 1111 RTR 111;r‘2’f\’,ivge'i‘éﬂ?rfgs 6
20 kg AT20005 1-11% RTR L f;r‘g’f,\ig?éﬂ?rfgs 3

* This step uses disk weights as transfer standard: 500 g + 200 g (disk) + 200* g (disk) + 100 g (disk).
" This design is meant to disseminate the mass value to the 2 kg weights using the 1 kg weight and 1 kg disk weight.

% This design is meant to disseminate the mass value to the 10 kg weights using the 5 kg weight and 5 kg disk weight.

% This design is meant to disseminate the mass value to the 20 kg weights using the 10 kg weight and 10 kg disk weight.

Page 95 of 143




Weighing designs

-1

-1

-1

-1

-1

5-2-2-1-1-1 weighing design

5-5-2-2-1-1 weighing design

1-1-1-1 weighing design

5-2-2-1-1 weighing design
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Calculations

subject

method

mathematical base

Least Square Analysis as outlined in NIST TN 952 & as used in the NIST Mass Code software

weight factors

software

Customize software based on NIST Mass Code software, checked with Excel

boundaries

mass difference per weighing

from weighing cycle R1T1R2T2R3T3R4 ... Ta-1Th mass difference are calculated with
AMi=Ti— (Ri+ Rix1)/2 for1=1,2,3,4,5, ...

mass difference per equation

average of above Am;

air buoyancy correction

calculated per weighing

handling of repeats in matrix

added as separate lines in matrix

handling of weighing compositions
resulting in multiple results for same
weight

outliers are deleted if cause is clear (e.g. dust particle)

average mass is calculated

ordinary standard deviation is added as to uncertainty (reproducibility)
at present the results are treated as ‘not correlated’

handling of decades in matrix

masses calculated per decade

true/conventional mass

true mass determined, conventional mass calculated from true mass

number of reference and/or check
weights per weighing design

one reference per weighing design
Check weights
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subject

method

handling of auxiliary weights

Auxiliary weights are specially made disk weights used as transfer standard during the dissemination process due to

limitations of the number of weights that can be loaded onto the balance pan

identification and handling of
outliers

Ouitliers are identified using the F-test, failed measurements are repeated till the F-test is passed.

type A evaluation

As outlined in the NIST Mass Code software

standard deviation

ordinary standard deviation (not standard deviation of mean)

other uncertainty contributions

1. uncertainty of reference weight
2. uncertainty due to air buoyancy correction
(volume of reference weight, unknown weight and air density as 3 separate contributions, maximum
correlation assumed)
3. uncertainty for drift of reference weight
(usually 0 as references for most decades are calibrated at the same time)
4. uncertainty for center of gravity
5. (where applicable) uncertainty for pads
6. uncertainty due to reproducibility (see ‘handling of multiple weights’)
7. uncertainty due to resolution of balance
8. other uncertainty due to balance (eccentricity, linearity) are negligible

quality assessment

comparing mass differences of equal comparisons done in different repeats, weighing designs or weighing

compositions

efficiency assessment
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Annex Al2: inventory document of NMISA

Name of institute

NMISA

Address

CSIR Campus, MeiringNaude Road, Brummeria,
Pretoria, South Africa

Contacts person

Mr Thomas Mautjana
tmautjana@nmisa.org

Tel: +27 12 841 4798

Fax: +27 12841 2131

Ronel Steyn
rsteyn@nmisa.org

Tel: +27 12 841 3508
Fax: +27 12841 2131

Mr Benjamin van der Merwe
BvdMerwe@nmisa.org
Tel: +27 12 841 3457

Fax: +27 12 841 2131

Instruments
Range Balance Handler details Manufacturer | Resolution | Typical st.dev | Max load (g) | Auxiliary Remarks
(mQ) (mg) weights

1mg-5g | UMX5 Manual combinations Mettler 0,0001 0,0002 5 No

10g - AT106 Rotating weight handler | Mettler 0,001 0,002 100 4 Aluminum

100g with 4 positions. Manual Disks weights
combinations

100g- AX1006 Rotating weight handler | Mettler 0,001 0,002 1000 3 Stainless Steel | 100g

1kg with 4 positions. Manual Disks weights 2x 200g
combinations

1kg - AT10005 Rotating weight handler | Mettler 0,01 0,020 10 000 4 Stainless Steel | 1kg,

10kg with 4 positions. Manual Disks weights 2 x 2kg
combinations 5kg
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Mass sets

ID Range | Composition Manufacturer shape Calibration Traceable Remarks
period
MV-E-15 1kg 1 Mettler OIML 2 years Copy No 56 reference
#8 1kg 1 Mettler OIML 2 years Copy No 56 transfer
Set 6 Imgto | 5-2-2-1 Mettler OIML wire | 2 years Copy No 56
500g and OIML

MV-E-96 2kg 1 Mettler OIML 2 years Copy No 56

MV-E-107 2kg 1 Mettler OIML 2 years Copy No 56

MV-E-95 5kg 1 Mettler OIML 2 years Copy No 56

MV-E-14 10kg 1 Mettler OIML 2 years Copy No 56

MV-E-89 10kg 1 Mettler OIML 2 years Copy No 56

Page 100 of 143




Measurements

Range Balance Weighing Weighing No of weighing No repeat No of
design cycle compositions

1-10mg UMX5 10-5-2-2-1-1 RTR 12 weighings,4 pre | 10 2
weighing

10-100mg UMX5 10-5-2-2-1-1 RTR 12 weighings,4 pre | 10 2
weighing

100mg-1g UMX5 10-5-2-2-1-1 RTR 12 weighings,4 pre | 10 2
weighing

1-10g AT106 10-5-2-2-1-1 RTTR 12 weighings,1 pre | 10 2
weighing

10-100g AT106 10-5-2-2-1-1 RTTR 12 weighings,1 pre | 10 2
weighing

100g-1kg AX1006 10-5-2-2-1-1 RTTR 12 weighings,1 pre | 10 2
weighing

1kg-10kg AT10005 10-5-2-2-1-1 RTTR 12 weighings,1 pre 10 2

weighing
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Weighing design

10-5-2-2-1-1 weighing design

10 5 2 2 1
R T/D T T/D T/D
-1 1 1 1 1
-1 1 1 1 0
0 -1 1 1 1
0 -1 1 1 0
0 0 -1 1 -1
0 0 1 -1 -1
0 0 -1 1 0
0 0 -1 0 1
0 0 0 -1 1
0 0 0 0 -1
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Calculations

Subject

Method

Mathematical base

Gauss-Jordan

Weight factors no
Software MC Link, and Excel
Boundaries 8 equations and 10 repeats per weighing design

8 different weights per weighing design

Mass difference per
weighing

From weighing cycle RTRmass difference are calculated with
AM; = Ti— (Ri + Ri+1)/2

For weighing cycle RTTR

Am; = (Ti + Tir)/2 — (Ri + Ris)/2

Mass difference per
equation

Average Am;

Air buoyancy correction

Calculated per weighing

Handling of repeats in
matrix

Average calculated

Handling of weighing
compositions resulting
in multiple results for
same weight

Average mass is calculated
Outliers are removed if detected

Handling of decades in
matrix

Masses calculated per decade

True/Conventional
mass

True mass determined, Conventional calculated from true mass

Number of reference
and/or check weights

1 reference per weighing design and 1 check weight
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Subject

Method

per weighing design

Handling of auxiliary
weights

Mass difference is corrected for mass difference of disks per equation

Identification and
Handling of outliers

All mass differences per equation are compared and averaged. Visual inspection of the
weighing residuals is performed. High residual (indicating an outlier) will be deleted.

Type A evaluation

as described in GUM document

Standard deviation

Ordinary standard deviation (not standard deviation of mean)

Other uncertainty
contributions

1. Uncertainty of reference weight

2. Uncertainty due to air buoyancy correction
(volume of reference weight, unknown weight and air density as 3 separate contributions,
maximumcorrelation assumed)

3. Uncertainty for drift of reference weight
(usually 0 as references for most decades are calibrated at the same time)

4. Uncertainty for center of gravity

5. Uncertainty due to resolution of balance

6. Other uncertainty due to balance (eccentricity, linearity) are negligible

Quality assessment

Comparing results against previous calibrations

Efficiency assessment

Not yet
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Annex Al3: inventory document of NPL

Name institute

NPL

Address

Hampton Road
Teddington
Middlesex
TW11 OLW

UK

Contact person

Mr James Berry

james.berry@npl.co.uk
+44 20 8943 6968

Instruments
range balance robot/handler details manu- resolution typical max. aux_lllary remarks
facturer st. dev. load weights
1mg-5g C5S C5S manual mass Sartorius | 0.0001mg | 0.0002 mg 5g no
comparator
5g-100g AT106 AT106 manual mass Mettler 0.0001 mg 0.001 mg 100 g no
comparator
one x 100 g and
100g—1000g | HK1o0o | K000 4 position mass Mettler 0.001 mg 0001mg | 1000g yes two x 200 g disc
comparator weights used as
checkweights
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range balance robot/handler details manu- resolution typical max. aux_lllary remarks
facturer st. dev. load weights
one x 5 kg and
1kg—10kg | AT10005 | AT10005 4 position mass Mettler 0.01 mg 0015mg | 10kg yes five x 1 kg disc
comparator weights used as
checkweights
10kg-20kg | Ax6a004 | AX64004 4 position mass Mettler 0.1 mg 0.2 mg 64 kg no
comparator
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Mass sets

set ID range compzzittion of manufacturer shape ca:)ié)rri%t(ijon tracttzable remarks

61 1 kg 1-1 Precisa cylinder 1 year NPL Stainlezfaitdeaerl dlglogram

s

60 100g-200g¢g 2-2-1 Mettler disc 4 years NPL Stainless steel weights

43 1g-500g 5-5-2-2-1-1 Oertling cylinder 4 years NPL calibrated by subdivision

69 1g-500¢g 5-2-2-1 Mettler OIML 4 years NPL

64 1 mg - 500 mg 5-5-2-2-1-1 Precisa wire 2 years NPL

65 1 mg - 500 mg 5-5-2-2-1-1 Precisa wire 2 years NPL

72 1 kg -5 kg 5-1-1-1-1-1 Precisa disc 4 years NPL Stainless steel weights
- ] calibrated by subdivision

37 5kg 5-5-5 In?ttrirr:gzzts kngzlz‘rc])?i;\gglri]ng 4 years NPL

85 5 kg — 20 kg 5-2-1 Precisa OIML 4 years NPL

86 10 kg 1 Mettler OIML 4 years NPL
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Measurements

range balance weighing design Wii)?g;ng no. of weighings rggégtfs né)c.)nafpgseiit‘cilgi]nsg
1mg-5g c5S 5-2-2-1-1 RTTR fér‘g’?vivgeki‘g;ﬁrf;l 1 1
59-100g AT106 10-10-5-2-2-1-1 RTRTR gop‘;‘gf\iggiigﬁfgl 1 1
100 - 1000 g HK1000 10-10-10-5-5-2-2-2-2-1-1 RTR ;gr‘gev'vgerl‘g;ﬁs:s 6 1
1 kg — 10 kg AT10005 10-10-5-5-5-2-2-1-1-1-1-1-1-1 RTR 33;\2/-3:/9;;2?;9, 6 1
10 kg - 20 kg AX64004 20-20-10-10-5-5-2-2-1 RTR 33;‘2’_35,%?9;?1?[159 6 1

40 Reported were 8 weighings which are assumed to be 6 RTTR cycles resulting in 24 weighings
! Reported were 6 weighings, which are assumed to be 6 RTRTR cycles, resulting in 30 weighings
“2 Reported were 12 weighings, which are assumed to be 12 RTR cycles, resulting in 36 weighings
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Weighing designs
1 kg to 20 kg weighing design

20 20 10 10 | 5(37) | 5(72) 5 2 2D 1s 1DS 1 1c 1DC | 1DDC | 1TDC | 1QDC
T c c T c c/D T T T R R T co | cb ciD c/D c/D
-1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0
-1 0 1 0 0 1 0 1 1 0 0 1 0 0 0 0 0
-1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0
-1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-1 0 0 1 0 1 0 1 1 0 0 1 0 0 0 0 0
0 -1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0
0 -1 1 0 0 1 0 1 1 0 0 1 0 0 0 0 0
0 -1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0
0 -1 0 1 0 1 0 1 1 0 0 1 0 0 0 0 0
0 0 -1 1 1 -1 1 -1 -1 0 0 -1 0 0 0 0 0
0 0 -1 1 -1 1 -1 1 1 0 0 1 0 0 0 0 0
0 0 -1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 -1 0 0 0 1 0 0 0 0 0 1 1 1 1 1
0 0 -1 0 1 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 -1 0 0 1 0 0 0 0 0 1 1 1 1 1
0 0 0 -1 1 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 -1 -1 1 0 0 0 0 0 1 1 1 1 1
0 0 0 0 -1 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 -1 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 -1 0 0 0 0 0 0 0 1 1 1 1 1
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20 20 10 10 | 5@37) | 5(72) 5 2 2D 1S | 1Ds ic | i1bc | 1DDC | 1TDC | 1QDC
T c c T c cib T T T R R cb | cb c/b c/b c/b
0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 1 0 1 0 1 1 0 0 0
0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1
0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 -1 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 -1 1 0 1 0 1 1 0 0 0
0 0 0 0 0 0 -1 0 1 0 0 0 0 1 0 1
0 0 0 0 0 0 0 -1 1 1 0 1 1 1 0 1
0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0
0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0
0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1
0 0 0 0 0 0 0 0 -1 1 0 1 0 0 0 0
0 0 0 0 0 0 0 0 -1 0 1 0 1 0 0 0
0 0 0 0 0 0 0 0 -1 1 0 0 0 1 0 0
0 0 0 0 0 0 0 0 -1 0 0 0 0 0 1 1
0 0 0 0 0 0 0 0 0 -1 0 0 0 1 1 1
0 0 0 0 0 0 0 0 0 -1 1 -1 1 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 -1 0 0 1 0 0 0
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20 | 20 | 10 | 10 |587) | 572 | s 2 20 | 1s | s | 1 1c | 1bc | 1bpc | 1TDC | 1QDC
T c c T c | oo | T T T R R T | oo | cp | co | cp | cp
0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
0.01 kg to 1 kg weighing design®®

1S 1DS 1 05 o2c | o2pc | 02 020 | oic 01 005 | 002 | 0020 | 001

R R T T ) ) T T ) T T T T T

1 1 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 0 0 0 0

1 0 0 1 1 1 0 0 1 0 0 0 0 0

0 1 1 0 0 0 0 0 0 0 0 0 0 0

0 1 0 1 1 1 0 0 1 0 0 0 0 0

0 0 1 1 1 1 0 0 1 0 0 0 0 0

0 0 0 1 1 0 1 0 0 1 0 0 0 0

0 0 0 1 0 1 0 1 1 0 0 0 0 0

0 0 0 0 1 1 1 1 1 1 0 0 0 0

315 and 1DS are 1 kg reference standards
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1s 1DS 0.5 0.2C 0.2DC 0.2 0.2D 0.1C 0.1 0.05 0.02 0.02D 0.01
R R T C/ID C/D T T C/D T T T T T
0 0 0 -1 0 1 0 0 0 0 0 0 0
0 0 0 -1 1 0 0 0 0 0 0 0 0
0 0 0 -1 0 0 1 0 0 0 0 0 0
0 0 0 -1 0 1 0 0 0 0 0 0 0
0 0 0 -1 0 0 0 1 1 0 0 0 0
0 0 0 -1 0 0 1 0 0 0 0 0 0
0 0 0 0 -1 1 0 0 0 0 0 0 0
0 0 0 0 -1 0 1 0 0 0 0 0 0
0 0 0 0 -1 1 0 0 0 0 0 0 0
0 0 0 0 -1 0 0 1 0 1 1 1 1
0 0 0 0 -1 0 1 0 0 0 0 0 0
0 0 0 0 0 -1 0 1 1 0 0 0 0
0 0 0 0 0 -1 1 0 0 0 0 0 0
0 0 0 0 0 -1 0 1 0 1 1 1 1
0 0 0 0 0 -1 1 0 0 0 0 0 0
0 0 0 0 0 0 -1 1 0 1 1 1 1
0 0 0 0 0 0 -1 1 1 0 0 0 0
0 0 0 0 0 0 0 -1 1 0 0 0 0
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1 g to 100 g weighing design
100 50 20 20D 10 10C 2D 1 1C
T T T T T c T T c
-1 1 1 1 1 0 0 0 0
-1 1 1 1 0 1 0 0 0
0 -1 1 1 1 0 0 0 0
0 -1 1 1 0 1 0 0 0
0 -1 1 1 1 0 0 0 0
0 -1 1 1 0 1 0 0 0
0 0 -1 1 0 0 0 0 0
0 0 -1 0 1 1 0 0 0
0 0 -1 0 1 0 1 1 0
0 0 -1 0 0 1 1 0 1
0 0 0 -1 1 1 0 0 0
0 0 0 -1 1 0 1 1 0
0 0 0 0 -1 1 0 0 0
0 0 0 0 -1 0 1 1 0
0 0 0 0 -1 0 1 0 1
0 0 0 0 0 -1 1 1 0
0 0 0 0 0 -1 1 0 1
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1 g to 5 g weighing design (same design for 0.01 g to 0.05 g and 0.001 g to 0.005 g[l])

5 2 2D 1 1C 0.5 0.2 0.2D 0.1 0.1C
T T T T T C T T T T
-1 1 1 1 0 0 0 0 0 0
-1 1 1 0 1 0 0 0 0 0
-1 1 1 1 0 0 0 0 0 0
-1 1 1 0 1 0 0 0 0 0
0 -1 1 0 0 0 0 0 0 0
0 -1 0 1 1 0 0 0 0 0
0 0 -1 1 1 0 0 0 0 0
0 0 0 -1 1 0 0 0 0 0
0 0 0 -1 0 1 1 1 1 0
0 0 0 -1 0 1 1 1 0 1
0 0 0 0 -1 1 1 1 1 0
0 0 0 0 -1 1 1 1 0 1

M The weighing design is the same for the 0.001 g to 0.005 g range except as there are no masses below 0.001 g three repeat weighings of the 0.001 g and 0.001 g
check weight are made instead.
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Calculations

subject method
mathematical base As described in [3]
weight factors yes, as described in [3]

“Massrun” - developed in-house, originally written in Algol-60 it was converted to Fortran 77 in 1989.

Software originally checked by hand™*.

software . . . - .
The software performs a least-squares analysis on a (weighted) over-determined system of (N) weighing equations

(for M weights). Residual values are calculated for each weighing equation to assess the quality of the data fit and to

calculate the Type A uncertainty component.

The following boundaries apply:
e maximum number of weights is 100
e maximum number of equations is 200
e maximum number of balances is 10
e maximum number of standards is 10
e maximum line length in the input file is 128 characters

boundaries

from weighing cycle R1T1R2T2R3T3R4 ... Th.1Th mass difference are calculated with
mass difference per weighing Ami =T - (Ri+ Rix1)/2 for1=1,3,5,7, ...
Ami = (Ti+ Ti1)/2 = Risp for1=2,4,6,8, ...

mass difference per equation average of above Am;
air buoyancy correction calculated per weighing
handling of repeats in matrix added as separate lines in matrix

handling of weighing compositions outliers are deleted if cause is clear (e.g. dust particle)
resulting in multiple results for same | average mass is calculated
weight at present the results are treated as ‘not correlated’

handling of decades in matrix Merged into one matrix

* The NPL “Massrun” software can solve a weighing matrix with up to a maximum of 10 standards simultaneously.
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subject

method

true/conventional mass

true mass determined, conventional mass calculated from true mass

number of reference and/or check
weights per weighing design

2-3 references in total
16 check weights for full 1 mg to 20 kg weight set calibration
The software can solve a weighing matrix with up to a maximum of 10 standards simultaneously

handling of auxiliary weights

No auxiliary weights used

identification and handling of
outliers

Visual inspection of the weighing residuals in the output file is performed. Any weighing equation with a high residual
(indicating an outlier) will be repeated and the software re-run with the new mass difference.

type A evaluation

Based on variance of weighing data as described in [28]

standard deviation

The standard deviation for each weight is calculated based on the variance of the weighing data

other uncertainty contributions

1. Uncertainty of reference weight

2. Uncertainty due to air buoyancy correction
(volume of reference weight, unknown weight and air density as 3 separate contributions, maximum
correlation assumed)

3. Uncertainty due to reproducibility (see ‘handling of multiple weights’)

4. Uncertainty due to balance

quality assessment

Residual value (difference between least-squares estimate of weighing result and actual weighing result) checked
for individual equations and for each balance used.

efficiency assessment

none
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Annex Al4: inventory document of NRC

Name institute

NRC

Address

1200 Montréal rd, M-36

Ottawa, ON

CANADA K1A OR6

Contact person

Dr Claude JACQUES
claude.jacques@nrc-cnrc.gc.ca

+1 613 993 9330

Instruments
range balance robot/handler details fg'C?E:Jér resolution gpé%%l rlrcl)z)((:i. ?Alljé(ilgl;lt?trg remarks

Mettler

0,001-5¢g UMT5 No handler Toledo 0,0001 mg 0,00025 mg 59 None
Rotating weight handler Mettler

50-100g AT106H 4 positions Toledo 0,001 mg 0,0015 mg 100 g None

manual combinations

Mettler

10-50g AT201 No handler Toledo 0,01 mg 0,015 mg 200 g None
Mettler

10 -1000 g AX1005 No handler Toledo 0,01 mg 0,02 mg 1kg None
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range balance robot/handler details manu- resolution typical max. aux_lllary remarks
facturer st. dev. load weights
Rotating weight handler Mettler
100 - 1000 g AT1006 4 positions Toledo 0,001 mg 0,003 mg 1kg None
manual combinations
Rotating weight handler Mettler
1-10kg AT10005 4 positions Toledo 0,01 mg 0,02 mg 10 kg None
manual combinations
1-10kg C10000S No handler Sartorius 0,1 mg 0,3 mg 10 kg None
2 plates of e
Carrier weight handler ~1700g; bE:(rjeO];:(;SeI(ij% V\glrll
10 - 50 kg C50000S 2 positions Sartorius 1 mg 5mg 50 kg one for P y
S AX64004 (Mettler
Manuel combinations each
L Toledo)
position
Mass sets
iti i i traceable
set ID range composition of manufacturer shape cal|br_at|on remarks
set period to
K
i via BIPM Pt-Ir Canadian National
K74 1kg 1 BIPM Cylinder 5 years working Reference
prototypes
1937 1kg 1 Reuprecht Cylinder 1 year K74
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SS* 1 kg 1 Reuprecht Cylinder 1 year K74
MT[1] 1 kg 1 Mettler OIML 1 year K74
MT[4] 1 kg 1 Mettler OIML 1 year K74
Ref 1* 100 - 500 5-2-2-1-1 Mettler Cylinder 1 year 1937
Decade 9 y y
Stanton Cylinder with Ref 1* Decade
6984 1mg-100g 5-3-2-1-1 Stanton knob 1 year 100 g
st
Troem M 1mg-100g 5-3-2-1-1 Troemner ASTM 1 year Ref 1100D(;cade
> 1kg 2-10kg 10-5-2-2 Mettler OIML 1 year 1937+SS*
Measurements
range balance weighing design weighing no. of weighings no. of no. of We_lghlng
cycle repeats compositions
1-1 5 pre-weighings &
—-10mg UMT5 10-5-3-2-1-1 RTTR L2 1 1
48 weighings
10 — 100 mg UMT5 10-5-3-2-1-1 RTTR 5 pre-weighings & 1 1
48 weighings
100 — 1000 mg UMT5 10-5-3-2-1-1 RTTR 5 pre-weighings & 1 1
48 weighings
1-3g UMT5 5-3-2-1-1 RTTR 5 pre-weighings & 1 1
24 weighings
5-109g AX1005% 5-5-10 RTR 5 pre-weighings & 1 1
36 weighings

“5 The model of AX1005 is without a handler; the pan is a flat solid disk-sheet.
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—-100g | AXx1005 | = 10-5-3-2-1- 5 pre-weighings &
10-100g AX1005 10-5-3-2-1-1 RTTR 48 weighings
100 — 1000 g AT1006 10-5-2-2-1-1 RTR 3 pre-weighings &

36 weighings
1-10kg AT10005 1-1-2-2-5-10"° RTR 5 pre-weighings &

30 weighings
10 — 50 kg C50000S 10-10-20-20-50* RTTR 3 pre-weighings &

24 weighings

“6 Multiplication design for 1-10 kg. The cylindrical weights can be stacked.
4" Multiplication design for 10-50 kg.
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Weighing designs
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Calculations

subject

method

mathematical base

Gauss-Jordan [3]

weight factors

yes, as described in [28]

software

MS-Excel

boundaries

mass difference per weighing

from weighing cycle R1T1R2T2R3T3R4 ... To-1Th mass difference are calculated with
AM; = Ti — (Ri + Rix1)/2

mass difference per equation

average of above Am;

air buoyancy correction

calculated per series

handling of repeats in matrix

added as separate lines in matrix

handling of weighing compositions
resulting in multiple results for same
weight

outliers are deleted if cause is clear (e.g. dust particle)

average mass is calculated

ordinary standard deviation is added as to uncertainty (reproducibility)
at present the results are treated as ‘not correlated’

handling of decades in matrix

masses calculated per decade

true/conventional mass

Conventional mass determined, absolute®® mass calculated from conventional mass

number of reference and/or check
weights per weighing design

1 references in total, except for up-building designs

2 references for up-building design 1-1-2-2-5-10

5 references for up-building design 10-10-10-10-10-20-50
1 closure weight for orthogonal designs

handling of auxiliary weights

Auxiliary weights are used with the C50000S comparator, two positions. Weighings are done twice with reversal of

“8 At NRC the term absolute mass is used, instead of true mass, because ‘true’ mass suggests that there is also something as ‘false’ mass
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subject

method

position of the weights; the weights of the auxiliary weights are mathematically eliminated.
[(T+A2)-(R+A1)] — [(R+A2)-(T+AL)] = 2T-2R; T is test weight, R is reference weight, An is auxiliary weight number n.

identification and handling of
outliers

Outliers are a sign of a measurement problem. The source of the problem is found and corrected. The whole
weighing design is then repeated from beginning. Outlier data are kept for archives but not used.

type A evaluation

as described in [4]

standard deviation

ordinary standard deviation (not standard deviation of mean)

other uncertainty contributions

1. uncertainty of reference weight
2. uncertainty due to air buoyancy correction
(volume of reference weight, unknown weight and air density as 3 separate contributions, maximum
correlation assumed)
3. uncertainty for drift of reference weight
(usually 0 as references for most decades are calibrated at the same time)
4. uncertainty for center of gravity
5. uncertainty due to reproduciblity (see ‘handling of multiple weights’)
6. uncertainty due to resolution of balance
7. other uncertainty due to balance (eccentricity, linearity) are negligible

quality assessment

comparing mass differences of equal comparisons done in different repeats, weighing designs or weighing
compositions

efficiency assessment

not yet
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Annex Al5: inventory document of UME

Name institute UME

TUBITAK-UME
TUBITAK Gebze Yerleskesi PK 54 41470 Gebze-Kocaeli/TURKEY

Mrs. Sevda Kacmaz
sevda.kacmaz@tubitak.gov.tr

Address

Contact person

Instruments

typical max. auxiliary

st.dev. | load | padsidisks | "®M3Tks

range balance robot/handler details manufacturer resolution

UMTS5 robot Balance: Mettler

36 positions Robotic arm
max. 3 weights on pan magazine: UME +
automatic combinations IDEAL COMPANY

1mg-5g¢g UMT5 0,0001 mg 0,0002 mg 59 no

rotating weight handler
4 positions
max. 1 weight on pan
manual combinations . Aluminium
weight combination tables Sartorius 0,001 mg 0,0015 mg 50g tables

for combination
measurements

max. 3 weights on pan

10g-50 g C50S

only for
rotating weight handler comparing
1kg UME_One 4 positions Mettler 0,0001 mg 0,0003mg | 10009 no Pt-Ir with

max. 1 weight on pan Stainless
steel

rotating weight handler
4 positions, max. 1 weight on
pan, manual combinations; . Titanium
tables for combination Sartorius 0,001 mg 0,002 mg 10009 tables
measurements, max. 3
weights on pan

100g-1000 g C1000S
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range balance robot/handler details manufacturer resolution typical max. auxme_try remarks
st. dev. load pads/disks
. . 100 g disc
100g-1000g | AT1006 o F\;\gesl%l?)tnk;andler Mettler 000img | 015mg | 1000g | Y& listedat | 200gdisc
max. 1 weight on pan ’ ' remarks 500 g disc
: ghtonp 1000 g disc
2kg- 10k €10000S o "\;voesl%tg’t“gandler Sartorius 01m 05m Jokg | Yes/listedat | 2 Eg g::g
9 9 Max. 3 weights on pan - My ~ My 9 remarks g dis
- 10 kg disc
Manual combinations
rotating weight handler
B 2 positions . yes, listed at 10 kg disc
10kg—-20kg C20000S Max. 3 weights on pan Sartorius 1 mg 2mg 20 kg remarks weight
Manual combinations
. . Balance: Mettler
rotatlng F\;\g%t;tnr;andler Rotating weight
60 kg XP 64 Max. 3 weights on pan handler: 5mg 60 kg no -
Manual combinations UME+IDEAL
COMPANY
rotating we|_g_ht handler Balance : Mettler
4 positions ; .
max. 1 weight on pan Rotating weight
600 kg KC 500 manual combinations handler:
combination pan for 10 UME+IDEAL
Y COMPANY

pieces 50 kg
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Mass sets

composition of calibration traceable
set ID range manufacturer shape . remarks
set period to
Stainless steel kilogram
. standards
MKUO1 1 mg-10kg 521 Hafner Disc 3 years UME .
1 kg mass standard is
calibrated each year
Stainless steel kilogram
. standards
MKU02 1 mg-10 kg 521 Hafner Disc 3 years UME )
1 kg mass standard is
calibrated each year
Stainless steel kilogram
i i standards
MKU001 1 mg-10 kg 521 Hafner Cylinder with 3 years UME _
knob 1 kg mass standard is
calibrated each year
Stainless steel kilogram
i i standards
MKU002 1 mg-10 kg 521 Hafner Cylinder with 3 years UME _
knob 1 kg mass standard is
calibrated each year
cviind ith Stainless steel kilogram
MKU 015 20 kg 1 Hafner y "I‘(n‘;LW' 3 years UME standards
cvlind ith Stainless steel kilogram
MKU 016 20 kg 1 Hafner y 'rlln‘;LW' 3 years UME standards
Hafner Cylinder with Stainless steel kilogram
01 50 kg 1 knob 3years UME standards
Hafner Cylinder with Stainless steel kilogram
02 50 kg 1 knob 3years UME standards
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Measurements

range balance scheme sequence loadings repeats combinations

_ IOEES 5. 18 weighings

1mg-5g UMT5 10-10-5-5-2-2-1-1 RTTR 1 pre-weighing 3 3
RTTR 18 weighings

10g-50¢g C50S 10-10-5-5-2-2-1-1 1 pre-weighing 3 3

100g-1000g | C1000S 10-10-5-5-2-2-1-1 RTTR 18 weighings 3 3
1 pre-weighing

1kg—-1kg UME_One 1-1-1-1-1 RTTR 18 weighings 3 -
1 pre-weighing

1 kg-10 kg C10000S | 10-10-5-5-2-2-1-1 RTTR 18 weighings 3 3
1 pre-weighing

10 kg-20 kg C20000S 10-10-20-20 RTTR 18 weighings 3 2
1 pre-weighing

20 kg-50 kg XP64 10-10-20-20-50-50 RTTR 18 weighings 3 3
1 pre-weighing
CAOEE. D 9. 18 weighings

1mg-5g¢g UMTS 10-10-5-5-2-2-1-1 RTTR 1 pre-weighing 3 3
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Weighing designs

10-10-5-5-2-2-1-1

Measurement Range: 1 kg to 100 g

R:Reference, T:Test and D: Check weight

10-10-20-20-50-50
Measurement Range: 10 kg to 50 kg

10 10 20 20 50 50
R D T T T T
1 -1 0 0 0 0
1 1 -1 0 0 0
1 1 0 -1 0 0
0 0 1 -1 0 0
1 0 1 1 -1 0
0 1 1 1 0 -1
0 0 0 0 1 -1

10 10 5 2 2 1 1
R T T T/D T T/D T T/D
1 -1 0 0 0 0 0 0
1 0 1 1 0 0 0 0
0 1 -1 -1 0 0 0 0
0 0 1 -1 0 0 0 0
0 0 1 0 -1 -1 -1 0
0 0 0 1 -1 -1 0 -1
0 0 0 0 1 -1 0 0
0 0 0 0 1 0 -1 -1
0 0 0 0 0 1 -1 -1
0 0 0 0 0 0 1 -1
Weighing design: 1-1-1-1-1
Measurement Range: (1 kg to 1kg)

1 1 1 1 1

R T T D D

1 -1 0 0 0

1 0 -1 0 0

1 0 0 -1 0

1 0 0 0 -1

0 1 -1 0 0

0 1 0 -1 0

0 1 0 0 -1

0 0 1 -1 0

0 0 1 0 -1

0 0 0 1 -1

Remark: Maximum 30 unknown weights are calculated with soft ware program
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Calculations

subject

method

mathematical base

Lagrange Multipliers /Gauss Markoff

weight factors

yes, as described in [3]

“Mass scale ” - developed in-house, originally written in Visual basic
The software performs a least-squares method on a weighted matrix of weighing equations. Residual values are

software calculated for each weighing equation. The Internal consistency of the observed weighing results is checked by
group standard deviation and also with un weighted residuals. Variance —covariance matrix is hot complete which
contains only Type A variance and covariance. Type B uncertainties are calculated separately.

boundaries Maximum 30 unknown weights

mass difference per weighing

from weighing cycle RTTR mass difference are calculated with
Am; = (Ti + Tir)/2 — (Ri + Ris1)/2

mass difference per equation

average of above Am;

air buoyancy correction

calculated per weighing

handling of repeats in matrix

added as separate lines in matrix

handling of weighing compositions
resulting in multiple results for same
weight

outliers are deleted if cause is clear (e.g. dust particle)
average mass is calculated
at present the results are treated as ‘not correlated’

handling of decades in matrix

Merged into one matrix

true/conventional mass

true mass determined, conventional mass calculated from true mass

number of reference and/or check
weights per weighing design

For each decade one check standard

handling of auxiliary weights

No auxiliary weights used

identification and handling of

Visual inspection of the weighing residuals given by software is done. If there is a high residual (indicating an
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subject

method

outliers

outlier), it will will be repeated and then calculate again.

type A evaluation

Based on variance of weighing data as described in [28]

standard deviation

The standard deviation for each weight is calculated based on the variance of the weighing data

other uncertainty contributions

1.Uncertainty of reference weight

2.Uncertainty of drift of reference weight

2.Uncertainty due to air buoyancy correction

3. Uncertainty due to balance (resolution, eccentricity, sensitivity of the balance)

quality assessment

Residual values and the ratio of the group standard deviation

efficiency assessment

Comparison between Lagrange Multipliers and Gauss Markoff
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Annex Al6: inventory document of VSL

Name institute

VSL

Address

Thijsseweg 11
2629 JA Delft
Netherlands

Contact person

Mrs. Inge van Andel
ivandel@vsl.nl
+31-15-2691754

Instruments
range balance robot/handler details manu- resolution typical max. aux_lllary remarks
facturer st. dev. load weights
A5 robot
_ 49 36 positions 50
1mg-5¢g XP64 max. 3 weights on pan Mettler 0,0001 mg 0,0002 mg 69 no
automatic combinations
AWD robot -
1 ma— 10 CCE6 6 positions Satorius + 0.00001 m 0.0001 m 10 tlta;ljusm only used for
9 9 max. 2 weights on pan SMU : 9 : g9 9 1080 51 5-10g*
. . mg
automatic combinations
AWD robot
36 positions Mettler +
10g-100g AT106 max. 4 weights on pan SMU 0,001 mg 0,0015 mg 100 g no
automatic combinations

“9 Successor of UMTS5.

% For customer calibrations involving 1 mg or 2 mg flat weights, special 100 mg stainless stell pads are used. Pads are not needed for dissemination.
%! The mass difference of the pads is measured before and after each design
%2 Both 5 g weights are placed on a 1000 mg pad, the two 10 g weights are each placed on another 1000 mg pad.
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range balance robot/handler details manu- resolution typical max. aux_lllary remarks
facturer st. dev. load weights
mtatmg V\:)esligzihotnhsandler used for equations
100 g — 1000 g AX1006 pOS Mettler 0,001 mg 0,0008 mg 1000 g no involving only 2
max. 1 weight on pan .
L weights
manual combinations
A1000 robot ; .
18 positions Mettl 1 12 1 us_ed Ior_ equations
100 g-1000g AT1005 max. 3 weights on pan ettler 0,01 mg 0,012 mg 000 g no ![?]\;cr)]\gr\l/serinﬂﬁ
automatic combinations 9
AWD robot
CC10000 7 positions Sartorius +
1kg—-10kg S max. 4 weights on pan SMU 0.1 mg 0,07mg 10kg no
automatic combinations
Voland manue;l Woesligzrotnr;andler
20 kg model PO Voland 1mg 2-3mg 30 kg no
max. 2 weights on pan
4050 S
manual combinations
Mass sets
iti i i traceable
set ID range composition of manufacturer shape ca||br_at|on remarks
set period to
4S2 1kg 1 Zwiebel OIML 1 year BIPM both weights ugc'fd as
352 1 kg 1 Zwiebel cylinder 1 year BIPM reference
4S4n 1 mg - 500 mg 5-2-2-1 Mettler OIML wire 1 year VSL all sets calibrated parallel

%3 Direct calibration of stainless steel kilogram by BIPM instead of traceability to our national Ptlr is the solution chosen to handle the severe budget reduction.
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set ID range comp(;seittion of manufacturer shape ca:)ile)rria:)t(ijon tractiable remarks
4S84 1g-20kg 5-2-2-1 Zwiebel OIML 1 year VSL

2S3n 1 mg - 500 mg 5-2-2-1 Mettler OIML wire 1 year VSL

2S3 1g-10kg 5-2-2-1 Zwiebel OIML 1 year VSL
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Measurements

o . weighing I no. of no. of weighing
range balance weighing design cycle no. of weighings repeats compositions
1-10 mg XP64 10-10-5-5-2-2-1-1 RTR 21 weighings _ 1 4%
3 pre-weighings
10-100 mg XP64 10-10-5-5-2-2-1-1 RTR 21 weighings 2 4
3 pre-weighings
100 — 1000 mg XP64 10-10-5-5-2-2-1-1 RTR 21 weighings 2 4
3 pre-weighings
1-5¢ XP64 5-5.2-2-1-1 RTR 21 weighings 5 4
3 pre-weighings
21 weighings
5-10g¢ CCES6 10-10-5-5 RTR 4 pre-weighings 5 4
10 - 100 AT106 10-5-2-2-1-1 RTR 21 weighings 4 6
g 4 pre-weighings
AT1005 21 weighings
100 - 1000 g AX1006°° 10-10-5-5-2-2-1-1 RTR 3 pre-weighings®’ 4 6
1-10kg CC10000S 10-5-2-2-1-1 RTR 21 weighings 3 2
4 pre-weighings
e 19 weighings
10 - 20 kg Voland 10-10-20 RTR 6 pre-weighings 3 1

* The cycle is RiTiR,T2R3 ... T1oR11 which are 21 weighings, the 2 pre-weighings consist of 1x R and 1x T to warm up the balance. Similar for next lines.

% Two sets and one extra 100 g are calibrated at the same time, but due to the limited number of positions in some robots and the need to have robots running
simultaneously, the schemes are split up in various ‘compositions’. Also the function of a weight may change, e.g. i n the first design the 10 mg of the set A acts as reference,
while the 10 mg of set B in the second design the 10 mg of set B the 2S3n set acts as standard. This makes two compositions (same weights, but the 10 mg’s have a different function acts as
the unknown. In the second composition this is reversed. Care is taken that for each composition the weights are placed anew in the robot and enough time is elapsed to ensure sufficient
‘change’.

*® The equations involving a one-to-one comparison are done on the more accurate AX1006 and then merged with the equations done on the AT1005 to form one design.

%" For the AX1006, usually 4 pre-weighings suffice. The AT1005 requires a longer warm-up period.

Page 134 of 143



Weighing designs

10-10-5-5-2-2-1-1 weighing design

10 10 5 5 2 2 1 1
R w w w w w w w
-1 1 0 0 0 0 0 0
-1 0 1 1 0 0 0 0
0 -1 1 1 0 0 0 0
0 0 -1 1 0 0 0 0
0 0 -1 0 1 1 1 0
0 0 -1 0 1 1 0 1
0 0 0 -1 1 1 1 0
0 0 0 -1 1 1 0 1
0 0 0 0 -1 1 0 0
0 0 0 0 -1 0 1 1
0 0 0 0 0 -1 1 1
0 0 0 0 0 0 -1 1

Remark: the 20-10-10 design omitted as it is in fact a direct comparison of the 20 kg weight against both 10 kg weights.

10-5-2-2-1-1 weighing design

10 5 2 2 1 1
w w w W W R
-1 1 1 1 1 0
-1 1 1 1 0 1
0 -1 1 1 1 0
0 -1 1 1 0 1
0 0 -1 1 -1 1
0 0 1 -1 -1 1
0 0 -1 1 0 0
0 0 -1 0 1 1
0 0 0 -1 1 1
0 0 0 0 -1 1
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Calculations

subject method
mathematical base Gauss-Jordan [3]
weight factors yes, as described in [4]

AWDControl, developed in-house, checked with Lagrange and Excel

software (at present it is not yet possible to combine matrices belonging to different weighing compositions)

max. 16 equations and 10 repeats per weighing design

boundaries max. 8 different weights per weighing design

from weighing cycle R1T1R2T2R3T3R4 ... Ta-1Th mass difference are calculated with
mass difference per weighing Ami=Ti— (Ri+ Rix1)/2 for1=1,3,5,7, ...
Ami = (Ti+ Tiw1)/2 = Risp for1=2,4,6,8, ...

mass difference per equation average of above Am;
air buoyancy correction calculated per weighing
handling of repeats in matrix added as separate lines in matrix

outliers are deleted if cause is clear (e.g. dust particle)
average mass is calculated
ordinary standard deviation is added as to uncertainty (reproducibility)

handling of weighing compositions
resulting in multiple results for same

weight at present the results are treated as ‘not correlated’

handling of decades in matrix masses calculated per decade

true/conventional mass true mass determined, conventional mass calculated from true mass
number of reference and/or check 2-3 references in total, but 1 reference per weighing design

weights per weighing design no special check weights58

%8 The extra 10 in a 10-10-5-5-2-2-1-1 design for 1 mg to 10 g is generally treated as check weight, its mass follows from the previous decade The same applies for the extra 1 kg in the
1-10kg design, that mass is determined through direct comparison against the ref. weights in the 100 g — 1000 g design.
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subject

method

handling of auxiliary weights

mass difference of pads determined before measurement and checked afterwards
mass difference per equation is corrected for mass difference of pads, extra uncertainty assigned to those equations

identification and handling of
outliers

all mass differences per equation are compared graphically

individual weighings of outliers which deviate more than appr. 80% of standard deviation from average are checked
and if possible clearly faulty weighings are deleted (e.g. due to warming up effects, missed reading of environmental
conditions). If that is not possible, the equation is deleted completely from matrix, provided sufficient identical
equations remain and the reason for the deviation is known (usually warming up, bad weather)

type A evaluation

as described in [4]

standard deviation

ordinary standard deviation (not standard deviation of mean)

other uncertainty contributions

1. uncertainty of reference weight

2. uncertainty due to air buoyancy correction
(volume of reference weight, unknown weight and air density as 3 separate contributions, maximum
correlation assumed)

3. uncertainty for drift of reference weight

(usually 0 as references for most decades are calibrated at the same time)

. uncertainty for convection

. uncertainty for center of gravity

. (where applicable) uncertainty for pads

. uncertainty due to reproduciblity (see ‘handling of multiple weights’)

. uncertainty due to resolution of balance

. other uncertainty due to balance (eccentricity, linearity) are negligible

©oo~NO O A~

quality assessment

comparing mass differences of equal comparisons done in different repeats, weighing designs or weighing
compositions

efficiency assessment

not yet
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Annex B: statistics

instruments

range

robot (light grey) or manual (dark grey)

BEV

CEM

cMmI

1mg-5g

5g-10g

UME

VSL

robot
%

manual
%

53%

47%

69%

31%

10g-100g

75%

25%

100g-1000g

94%

6%

1kg-10kg

94%

6%

> 10 kg

75%

25%

balance

available

light grey), not available (white)

BEV

CEM

cMmI

EIM

=
=z

LATU

METAS

MIKES
MIRS
MKEH

A-STAR

NMISA

-
o
z

(@)
=
P4

UME

—
«
>

total

CC(E)6

CC100

C5S

C50S

UMT5/UMX5/XP6U

AT106/AX107

AX206

HK1000

AT1005

AT1006

M-one

CC1000(S)(L)

CC10000U/S(L)

AT10005

C(C)20000(S)

CC50001S-L

other 20kg

AT20006

AX64004

CC50000S

RPINININIPRPIOININIO(PRIN|PPINIPIO|O[R[IN|[RL WO
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used (light grey), not used (white)

traceability
s 21 2|8|e|E|&E|8]z g |
of 1kg Z18(38|2|2|¢% Cls|S|2|2|2)¢8 £lz|¢ %
national Ptir 75%
. 59
BIPM via SS 19%
other via SS 6%
Measurements
used (light grey), not used (white)
cycle e e«
= w 2 e} < @ - w _
5|85 |2|E|5|E|z|s|g|B|5|2|2|2|2| %
RTR 63%
RTTR 56%
RTRTR 13%
minimum nr of -

. 1 = R I I I I - I wo|
weighingsper | &| 5|32 |2|5|E 2|5 |2|5|5[2|2|35|2| a
range
1mg-10g g|s|e|e|la|g|8 Jlalsls|e|lalR 35
10g-100g glR|g|e|3|g|8 |||~ |=|s|R|2|=a|x 35
100 g- 1000 g Sle|g|s |3 ||| |=|=|g|a|z|[x|= 39
1kg-10kg Rlgelels|e|8|e|r|R|=|y|8|”|2]|R 33
>10 kg e gl |v|8| ] = gl8|a|a 36

s s|z|s|s|al&|8|lge|8|2|d|z2|le|lwl|a
repeats B|B|3|5|2|35|E|s|5]|¢ 2lz|2|2|3|2%| avg
1 mg - 10 g dals|o|ala]lo|lalala]lala]lg|a]|a]o]|m 2
10 g- 100 g Al |o|ala]lo|lalala]lala]lga]a]o]|< 2
100 g _ 1000 g - < ) - ~ on - o ~ - ~ S © - o < 3
1 kg - 10 kg - < o - ~ o - n ~ - ~ 9 © - o o 3
> 10 kg - - - o - © - ~ © — o ) 2

. =2l=sls|=s|=s|R2 E gle|d E 3z 2l 8|3
compositions 8|8 |3|5|2|s|8|5|5|s|%|z|2|2|3|2%| av8
1 mg - 10 g - - - - - - - - - - o ~ - ~ ™ < 2
10 g _ 100 g - — — - - - - - ~ — o ~ — ~ o © 2
100 g - 1000 g - - - - - - - - ~ - ~ ~ - - ™ © 2
1 kg -10 kg @lala|lala]lala|lala|la]S|n]a|~n]o]|« 2
>10 kg - Al e A a | Al | e o[ a]m | 1

% 3S = stainless steel
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weighing designs

1-1-2-2-5-5-10-10

used (light grey), not used (white)

scheme z g sz % é g é g % g | e % g %

1mg-10g 44%

10g-100g 31%

100g-1000g 44%

1kg-10kg 38%

>10 kg 33%
used (light grey), not used (white)

1-1-2-2-5-10 scheme B Slalalelzlels]o]ole

1mg-10g 25%

10g-100g 31%

100g-1000g 31%

1kg-10kg 3/8

> 10 kg 25%
used (light grey), not used (white)

minimal comp

e.g. 1-1or2-1-1 zzlz|=z|z|8 é g 2 g % %‘ HEIHE %

1mg-10g

10g-100g

100 g - 1000 g*° 100%

1kg-10kg

> 10 kg 17%
used (light grey), not used (white)

other scheme B N N S I e I IS I T

Z|B|8|3|E|5|E|z|5|E|g|s|2(8|2|2 %

1mg-10g 38%

10g-100¢g 38%

100g-1000g 31%

1kg-10kg 25%

> 10 kg 33%

9 Each NMI will compare at least 1 kg against 1 kg separately
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calculation

used (light grey), not used (white)
math. base _ Ss|2|lalelz| S| 2 w|
Z|B|8|2|E|5|E|z|5|2|E|8|2|8|=|¢ %
Gauss-Jordan 38%
Gauss-Markov 31%
Lagrange 31%
other 19%
used (light grey), not used (white)
software Slaelg T
— 90 %] o g — (S} w —
Z|E|8|2|2|5|E|z|5|g|7|8|2|8|5)|¢ %
Excel 56%
In-house 38%
NIST 13%
LabView 6%
used (light grey), not used (white)
nr of ref. weights per
decade s | = Sl 2(8le || 5|8~ w |
Z|8|8|2|2|5|E|2|s|E|E|E|2|8|3|¢ %
1 75%
2 31%
3 6%
more 6%
used (light grey), not used (white)
nr of check weights per
decade = S |28 |e |58~ w |
Z|E|8|2|E|5|E|z|5|¥|5|s|2|2|2)¢ %
0 38%
1 44%
2 31%
3 13%
more 6%
used (light grey), not used (white)
start with a | w e | <
= 2 < w @ 5 < %) = w _
2l28(2|2|2|% L2352 A ERE: glz|¢g %
true mass 75%
conv. mass 25%
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combine decades

used (light grey), not used (white)

v | wn x | <«
S| s | = s|2s|ld|¢|ES|<|a|l=z|o|ly]| 2
l8|3|2|2|5|L|s|s|2|8|2|8|5|3]|¢ %
yes 25%
no 75%

quality assessment

used (light grey), not used (white), no information (x)

mass diff. X 53%
previous cal. X 40%
check weights X 40%
stdev repeats X 20%
int. consistency X 13%
F-test X 20%
residuals X 25%

used (light grey), not used (white), no information (x)

handling repeats — S |2 (2 |e |58 = w |
Z|E|8|2|2|5|E|z|5|g|7|5|2|2|5)|¢ %
separate line X | X X X 75%
avaraged X | X X 25%
used (light grey), not used (white)
air buoyancy corr. ala|lwlzl=]<
s = s =] < ] o < %] g (S} = ]
g 5|3 % z |5 g s § S E . £13|¢ %
per weighing 62%
per cycle 38%
used (light grey), not used (white), no information (x)
correlation _ S|2(8 e |58~ w
Z|B|8|2|2|5|E|z|5|g|5|5|2|2|5)¢ %
yes X X | X|x|x X X
not (yet) X X [X |x [x X X 100%
used (light grey), not used (white) , no information (x)
type A = S |28 |e |58~ w | o
Z|8|8|2|2|5|E|z|s|g|k|5|2|8|2|¢ %
normal stdev X 77%
stdev of mean X 31%
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weighted matrix

used (light grey), not used (white), no information (x)

v | wn x | <«
S| s | = s|2s|ld|¢|ES|<|a|lz|o|ly| o
Bl8|3|2|2|5|L|s|s|2|8|2|8|5|3]|¢ %
yes X 75%
no X 25%
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